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I 
I. · The Growth of Research and Development! 
The increasing importance of Research and ~evelopment in the 
last decade needs no detailed explanation. The current h.igh levels of 
defense spending caused by strained international reJ ations, combined 
with an increasingly competitive consumer market, haj e resulted in .an 
unprecedented increase in the expenditure of time an1 money devoted to 
experimental research and prototype development. Many projects of this 
type are originated by government agencies who contr~ct with private 
industries and educational institutions. 
It is also true that many corporations are 'finding that 
I 
company financed research and development activities lare sound business 
investments. A recent newsworthy example of this typle of management 
thinking is the new Boeing 707 Turbo-Jet airliner wh+ e development 
cost of over 15 million dollars was undenn-itten by the company. This 
calculated risk has paid off handsomely with current t r Force produc-
tion contracts and the future possibility of commercial passenger air-
craft production. 
A.. The Importance of Planning and Production Contrpl . DuriEZ 
Development 
During the design, development, and prototype construction 
phases, varying degrees of control and planning are r kquired to mini-
mize the very often chaotic conditions under which thl product progresses. 
Normal production control difficulties are compounde1 by the frequencies 
of changes and re-design. Procurement, particularly ~or items requiring 
long-lead ordering, becomes a major problem. Day to <iay and even hourly 
changes in mechanical design or electrical circuitry necessitates exact 
follow-up and a complete knowledge of what has previ9usly been released 
for purchase or manufacture as against new or additidnal requirements. 
The basic controls and planning methods must be flexdble as well as 
I 
complete, to meet constantly changing dema~ds. 
1. Research in Electronics I 
I One of the vital industries that has benefited most from the 
I 
I 
increased i mportance of research and development is the field of 
electronics. Tremendous amounts of inventive energy and financial 
resources are being expended annually in the search for new and more 
reliable applications. Again, much of this is linke1 to that abused 
I 
phrase "push button war11 ; however, a great deal of J ffort is devoted to 
commercial products as well. The advancement of tel+vision circuitry 
and performance is one of many civilian applications l Radar equipped 
ships, aircraft, and weather stations are becoming m~re commonplace. 
I 
Automatic electro-mechanical controls are being used / in process 
industries requiring precise results. Electronic co~uters and servo 
mechanisms are being designed to undert~~e hundreds br varying tasks 
I 
I 
I 
I 
from every day living. 
I 
I 
2. The Project Level 
This extensive effort both in electronics and in other fields 
I 
of knowledge naturally requires coordination and con}rol at ever<.J level. 
The project level where the design goal has been deft ned by explicit 
. I 
specifications presents problems that are not usual to ordinary planning 
6 
functions. The need for effective control and detailed planning is I 
especially acute in this phase of operation. It is to this effort 
that this paper will be devoted. 
Large complex electronic units present an ideal work situation 
I 
for developing methods and procedures in the planning and control func-
tion. The great number of different parts, the everJchanging design, 
plus the variety of supporting services that are the responsibility of 
I 
the planning group requires the development of systems and personnel of 
suf'ficient calibre to carry the load. Failure in th:ils supporting activ-
ity is too apparent to go unnoticed. The most simple and efficient en-
1 
gineering Qesigns would come to nought if they were not properly buttres-
sed with fast and adaptable methods and controls leading to the delivered 
item. 
3. The Need for Flexible Organization 
The organization must be designed not only ito proceed with 
formally released units, but to provide all manner of miscellaneous in-
formal services. A good deal of imaginative thinkinJ becomes a neces-
sity in contending with problems that arise almost b:>f the minute. The 
ability to improvise and circumvent are definite assets in handling 
routine which is seldom routine. Add a tight protot~e completion date 
to these already hectic conditions, and you have a proving ground for 
personnel arid systems that would be difficult to match. 
4. Prototype Development 
The end result of applied research is the prototype, whether 
I 
it be the first airplane of a particular model or the first version of an 
7 
improved radio set. All are built with the object ol proving out 
theory and, assuming success, conversion to producti, n. Very often, 
the prototype is developed in sections so that as ea9h block is proven 
it is placed within a system and the process is cont~nued until all 
blocks are integrated. With this approach, immediate production after 
I 
major unit approval is feasible since each part was checked as an 
! 
entity before incorporation into the system. The prdduction design of 
such a unit usucUly is weak; however, it achieves t Je desired res1.llt 
of "fast and first." This advantage very often outw+ ghs the imper-
fection of design and is especially valid when dealing with preparations 
for National Defense. It is later, after the im~edidte need has been 
answered, that clean-up and redesign takes place. Hdwever, we shall 
be concerned here with the need of planning and cont~l durin~ the 
development cycle so that the original design and thJ. transition to pro-
duction takes place as painlessly as possible. 
B. Scope of Presentation 
To avoid the danger of generalization and J o give added 
direction to the solutions offered, this discussion ~11 be related 
I 
to an actual work situation and will be placed wi thirl a specific 
framework. Although the details of this paper are k~yed to a particu-
lar field (i.e., electronics), it will be found that lthe general 
problems in control and planning exist in all design !work, varying only 
i n degree. 
to most 
The b asic systems or methods presented herJin may be adapted 
vnrking mold development projects and are noJ neces s arily con-
8 
fined to the electronics field. Planning and control methods cannot be 
completely anticipat ed by prio r analysis. They will eventually i nclude 
• I 
r efinements and modifications added to the bas1c system as the project 
progresses and will represent efforts to eliminate pl oblems as they a-
rise. The many ramifications of such a program cannot be foreseen. 
Expansion of the controls and. procedures should be adapted only after 
a lack of such methods proves a hardship. Simply stated, the entire 
I 
operation should be planned originally with a minimum of control and 
furthe r details to the system added as their need becomes apparent. 
The evolution of any system will depend upon requirements that may be 
I 
peculiar to a given project within a specific organization. 
1. Government Contracts 
Since so much of the research and development effort is cur-
i 
rently contracted by the Armed Forces, it is only natural that the 
special conditions of such contracts be covered within this work. It 
may even be found that particular company policies require similar 
controls and analysis, especially when budgetary reqt~rements limi.. t the 
acceptable expenditure for a given project . Generally speaking, however, 
I 
i t w~ll be found that the accountability required under gover~~nt super-
v~sion exceeds that of most companies. I These safeguards, not always 
practical in private enterprise because of the heavy 1burden they impose, 
I 
are necessary in t he expenditure of public funds. 
2. The Design Project 
The planning necessary for pure or basic research differs 
greatly from that 1-rhich is required for design vrork leading to production 
9 
of a prototype. The design project generally is basek on proven theory 
and either adapts, improvises, or modifies this data lo achieve the 
I 
design goal. There is considerable room in the de sigh project, however, 
I 
for what is known as applied research. For example, 1an airborne radar 
set weighing no more than 500 lbs. is desired to perform similar func-
tions available from e. ground based unit weighing several tons. The 
design limit in weight alone will necessitate considJrable research and 
experimentation. Adding several additional capabili~ies to the airborne 
unit, it is apparent that something more than simple modification of the 
sample is in order. In addition, a proposed three y~ar schedule for 
. I 
completion of the project seriously limits the area 1f research 1.vhich 
can be effectively utilized. Improbable as this derJnd might seem, just 
such projects have been, and are being, accomplished in the field of 
electronics. In order to complete the project successftlily, the design 
- I 
group cannot revert to pure research and expect res~ts in the allotted 
time. The airborne interception radar developed frorh ground based anti-
aircraft fire control, now in use on our all-weather ,fighters, had its 
inception in this fashion. 
The supporting activities needed for this type of project are 
I 
as complete and diversified as any proposed, ideal curricula could en-
1 
vision. The planning and control methods which follfw were originated, 
developed, expanded and repeatedly reorganized during several different 
I 
design programs of large and intricate units. (See Appendix I.) 
These projects had all the interesting and! complicating pro-
blems that any prototype would have that is composed! of over 12,000 dif-
j 
I 
I 
I 
10 
ferent parts. These original prototypes were completed twelve to 
eighteen JMnths from the original contract date, whi4h would indicate 
I that more than normal effort was the . rule. The systems and procedures 
that proved adequate during these complex "crash" pr6grams can serve as 
I 
flexible guides for most design and development proj t cts. 
The simplified organizations and background are presented only 
as a reference framework within which the problem of ! Plan..11ing and Control 
research and development will be placed. The organi~ations presented 
can be considered typical for this type of enterprise and conform in 
operation to the research department of most compani~ s. 
It is the intent that the following pages will reflect solu-
tions that are workable and can be modified in application to perfc rm tre 
I 
same functions within any franework. At times, several different ap-
preaches may be suggested and outlined with more detail being devoted to 
that system or method that has proved most satisfactbr,r for a particular 
I 
requirement. As in all valid solutions, no ~ method can be considered 
the ultimate but, rather, the best possible solution/under the existing 
circumstances. j 
The variety of systems, procedures and methods developed for 
one plant operation may not be suited for another an~ the division of 
I 
responsibility may vary dependent upon organization. , There are not 
standard systems that can be copied directly from one plant or industry 
I 
I 
and introduced into another without change. Although the method of 
control may differ and, in fact, should be adopted to the particular 
I 
plant, it still will hold true that the functions ar~ necessary and will 
11 
be assigned somewhere in the organization, In other words, the need for 
planning and control over procurement cycle, materia1 control and store-
keeping, dispatching, shop orders and all related activities will be re-
quired regardless of product or organization.* 
*1, P• 67 
l2 
II. PlanP~ng and Control for the Development Project 
Before organizing the planning section for 1a development 
project it is necessary that its functions and scope 
1
of authority be 
clearly established. It is imperative that full und~rstanding and 
support be given by the head of the project. Clarification of the 
I 
general functions in the beginning must be followed by detailed 
delegation of responsibility as the project progresses and questionable 
areas of operation become apparent. As a general rule, all the ad-
ministrative functions that are needed by the progr~, except for 
those duties that lie between the project head and higher levels, 
should be assigned to the planning section. 
A. The Fun::tion of the Planning and Control Section 
The various duties of the planning group are presented in the 
following pages, however, the type of project and the peculiar operating 
conditions surrounding it may modify or increase these functions. The 
most desirable organization would be that one in which all activities 
I 
lying outside the field of engineering would be assigned to the planning 
and control group. The engineering section should be relieved of as 
rrruch of the administrative or clerical detail as possible. Engineering 
man hours should be devoted to engineering work, particularly since most 
engineers have a deep aversion to being involved in ~'red tape" and will 
do their utmost to work around any method or system. This attitude is 
understandable and natural, their aptitudes and trainiq; lie in a 
different direction and should be so utiliz·ed. An apt but perhaps over . 
13 
simplified explanation would be to consider planning ~nd production 
control as the communication center between the proje,ct and all other 
related activities. The product (i.e., sketches, drawings, bills of 
materials, etc.) of the engineering and dra:f'ting sections is channelled 
through planning for action. Theoretically, the engineering and 
technical sections within the project conduct their business only with 
planning and production control, which is charged with providing the 
necessary services and maintaining such records as are required to most 
efficiently complete the project. 
"One of the most important and most effective contributions 
to better utilization and greater satisfaction of the professional 
enployee is fairly easy: making sure that professional employees are 
really used for professional work. Despite the shortage of professional 
I 
people and their high price, few companies seem to have given much 
thought to this so far. The saving that can be made by elimination of 
unnecessary chores can be substantial."* 
In a design project the engineering responsibility is carried 
into production of the unit thus limiting the planP.ing section to a 
service function. Normally, engineering releases model proven designs 
by means of drawings, bills of material, etc., to the production 
department, which then, through its production control, moves forward 
into the manufacturing process. In development work, however, responsi-
bility for the production of the prototype unit never leaves engineering 
and thus the planning and control group acts as an integral support to 
*16, P• 89 
1.4 
the engineering section and should be responsible to the engineering 
I 
head for performance. 
However, a quite logical evolution may follow in that, after 
completion of the prototype unit of a production contract, engineering 
relinquishes its responsibility and planning assumes icontrol of production 
for the remainder of the units . Under this circumstance, or even in the 
event that production is handled by a separate unit, the ultimate goal 
of planning should be the utilization of its records for immediate pro-
duction following the successful design. Therefore, Planning and Con-
trol should be organized so that the necessary data is obtained, accum-
mulated, and recorded during the design and development phase. Detailed 
operations of the follo~dng functions will be presented in later sections. 
- ' 
1. Procurement Planning and Control 
Design projects place a heavy burden on any purchase activity. 
During this phase, because of the nature of work involving frequent 
changes in requirements and very small experimental quantities plus the 
"immediate" need for every item, a very extensive control and follow up 
is required. While normal purchasing problems such as sales forecasting, 
purchasing in economical lots, market conditions, an~ the quantity pro-
I 
duction schedule are not of major importance during initial development, 
other factors create an imperative need to control and purchase in an 
apparently uneconomical fashion . It may often be necessary to actually 
spend ten to a hundred times as much for control, expediting, and 
follow up of a small order than for the cost of the order itself. Of 
course, if there is no time schedule to adhere to, it may be permissable 
15 
to requisition and only be aware of order c~mpletion~ However, a design 
project handled in as loose a fashion as this could run on for years with 
little to show for budgetary expenditures. It follows then, that it pays 
to spend an excess of time and effort in a special d:lrection in order to 
obtain the needed effect on the whole program. In these circumstances, 
it t-muld be well for management to recognize that the Purchasing Depart-
' 
ment will contribute an inordinate share of the company overhead when en-
i 
gaged in procurement for ne1.v design. The cost per plirchase order will 
be disproportionate in every way compared to the norrhal activity. The 
only measurement of competent purchasing will be its !effective support to 
the design goal. I 
2. Production Planning and Control During l Development 
. I 
I 
Production control for a nevr design project is quite different 
I 
' 
from that used in the usual manufacturing plant. Very often, the research 
I 
I division has only limited manufacturing facilities or none at all. In 
some cases it may have the ,use of a model shop, tool room, or it may de-
pend upon open time 'in the production manufacturing shops. All too 
often, the design project must beg that its work be accomplished. Good 
I 
management in this sphere would provide definite allocations of shop time 
or by some method the means to do the job. Companies that have recognized 
the solid business worth of their design program have made available fair-
1 
ly complete small shops which report to the head of Engineering. In this 
way, the various design projects have, at their disposal, facilities upon 
which they have an acknovrledged claim. Even under ths more desirable 
I 
atmosphere, there will be conflicts between projectsj all of which expect 
1.6 
preferential treatment. In any case, control and initiative and good 
public relations with the shops rests on the planning groups. The 
quality of the service given to the designers will be measured in re-
sults and handicaps must be overcome. The one unforgiveable sin for a 
service group is ignorance. The status of work in the shops must be 
knoW11 at all times and it is imperative that unusual delays be brought 
to the engineers' attention vrith adequate explanation so that confidence 
in the planning section is retained. 
3. Material Control 
Stores maintai.. ned for design work should be completely segre-
gated from the material used in production. Ideally, if warranted by 
the size of the project, all material control activities should be vested 
in the planning supervisor. The standard material control procedures 
are not suited to design and development work. AgaLn, it may be neces8 
sary to establish controls costing far in excess of the usual in order 
to have availability at a critical time. This is particularly true in 
the field of electronics where often specialized coruronents are in such 
short supply that months of expensive delay can resuJJt if parts are mis-
used or missing. The material control function must be closely allied 
with the rest of the planning since so much is dependent upon outside 
sources of supply. ~~en engaged in research under a govenment contract, 
it is necessary to conform to special regulations co~ering the account-
1 
I 
ability for equi pment purchased under such contract duthorization. Very 
accurate and romplete property records must be maintained . In some un-
usual instances contracts have been cancelled, not for lack of perform-
ance, but for improper property administration. Later sections will deal 
17 
specifically with this problem. 
4. Expediting 
The expediting function has been mentioned several times pre-
viously and is listed here separately to indicate its relative import-
ance. In general, there are two main efforts to expediting. First, ex-
pediting material from outside of the plant such as purchased or sub-
contract parts and second, expediting of work and services l·rl.thin the 
plant. These normall y are included in t he procurement and production 
control f unctions, however, in special cirmlrr£tances unusual concentra-
tion in this one field is warranted and it may be assigned as the sole 
duty of a specialist or group. During one particular "crash" project, 
familiar to the author, a highJJr paid former purchasing agent Fas given 
the direct responsiblity of expediting numerous critical sub-contracts. 
In this cormection, he often acted as a buyer for the sub-contractors, 
locating scarce or unusual material and repeatedly making personal visits 
to various vendors t o check on progress . Although, this type of activity 
normally is the responsiblity of purchasing, it was felt and proven by 
results that the importance of meeting delivery on this project justified 
the use of this talent under the control of the engineer in charge of the 
project. The importance of meeting the schedule on design work cannot 
be over emphasized ~rhether it be to defeat competition or to meet the 
requirements of a government contract. Minor inconsistencies may be 
forgiven if results are delivered on time as compared to the adverse 
reaction of incomplete work upon expiration of a contract. 
l8 
5. Scheduling 
The master schedule is neturally prepared by the responsible 
head of the project. This schedule for example will ;indicate that blocks 
A, B, C, and D 1orill be ready by a certain date and ldll be integrated 
into the system X in time for test prior to the deli .J.ery date. From this 
I 
I 
plan, the schedule should be broken down to show when the various com-
ponents and sub-assemblies that comprise A, B, C, and D must be ready • 
It. is in this realm that the planning group i nvolves itself in detail 
follow· up and it is here that planning can act as the administrative 
assistant to the engineering head. Engineering groups are loathe to meet 
a deadline and generally do not agree with its importance. Some one 
must chase the numerous loose ends and bring ommission and delays to 
the attention of the responsible l eader. Tl'l..is also includes failures to 
meet the schedule caused by circumstances that cannot be controlled by 
planning because of limited authority, such as lack df support from 
other company departments (i.e., Purchasing, Shops, ~~ality Control, etc.). 
In effect then, the planning and control section should be assigned the 
details to conform to the engineering schedule and should act as the 
reporting agency to immediately make apparent to the :project manager any 
discrepancy. In this latter respect, a large amount ,of good personnel 
relations and delicate handling of situations is required lest these 
reportorial actions be misinterpreted. 
6. Miscellaneous Support 
The planning section must be prepared to assume a. variety of 
tasks, in the absence of other specialized support groups, some of which 
may not seem to have any immediate relation to the job at hand.* It 
*1 , P• 40 
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should be remembered that the prima~J reason for separating the plaDJdng 
and control function from the engineering group is to free the latter 
from as many distracting duties as possible. Thus, any miscellaneous 
activity, not directly connected with design work, should be properly 
placed in that section of the organization most suited in temperament 
and ability to the problem. Under this definition, the planning group 
may find itself custodian for test equipment, tools, furniture, tele-
phone service, maintenance problems, government security conformance, 
statione~ s~ryplies, stenographic service, and a host of other detail. 
The satisfactory discharge of these responsibilities will aid greatly 
in creating an atmosphere of efficient operating conditions and will, 
to a large extent, deternune the morale of the engineering section. 
Although this unusual phase of the planning group responsibility should 
not be minimized, it will not be detailed any fUrther in this text and 
is only brought out at this point to create an awareness of other possi-
bilities. 
B. Orgenizing the PlaQning and Control Section 
Before proper organization can take place, it is necessary that 
~s complete an analysis ·as possible of the surroundings be accomplished. 
In other words, the determination of the best possible organization will 
depend upon the company or department within which the planning section 
is to operate. Another factor will be the size and complexity of the 
project or projects assigned. It may lvell be that one man can success-
fully handle the administration for a small group of engineers engaged 
in a project of relatively small size. The opposite situation would be 
20 
a central pla!111..inl?: group for a research section engaged in either a 
single large project or several projects of ve.rying magnitude. 
In a large division or plant devoted to development work many 
of the planning and control responsibilities may become centralized 
under separate heads. For example, it may be more practical to have 
control of all stores under one supervisor rather than to have each 
group control its mm small stock room. It should be emphasized agai.. n, 
however, that material control for development projects sho~d be 
physically and procedurally separated from the production stockrooms. 
1. Assignment of Responsibility 
Regardless of type of organization, the responsibility for the 
basic planning function must be directly assigned. 1•1herever possible, 
this responsibility must rest on a single person aided by whatever 
personnel are necessary to handle the volume of work. There must be 
one person with a completely selfish interest about his "own" project 
or projects. This person may be the supervisor of a large group or he 
may be one man alone. The point to recognize is that dilution of in-
terest will be followed by a dilution of effort. If the planning sec-
tion for a department is responsible for all projects assigned that 
department better results can be expected if the responsibility is de-
legated by the planning manager to an employee reporting to him than can 
be expected if the responsibility were assigned by function alone. This 
is not to say that organization by function in this planning is not prac-
ticed but to point out that it should be buttressed by the principle of 
the "one devoted interest". In fact, the overall organization "Will de-
cidedly be formed around ftmctions, not individuals, without forgetting 
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that the varying capabilities of personnel must also be considered.* 
2. Flexibility of Organization 
In no other work situation is the need for flexible organiza-
tion more apparent than in the planning and control of design and dev-
elopment work. Frequently projects will be of different length, size, 
complexity, and variety. Organizational changes will be periodically 
required to reflect the shifting work load. These organizational changes 
should be expected, planned, and cause as little disruption to morale 
as possible. This means that the functional concept should be used in a 
general way but not as the solitary guiding principle. Effective utili-
zation of personnel will require cross training in a variety of related 
activities within a general function. 
Naturally, the general principles of good adnrrnistration (i.e. 
span of control, homogeneous assignment, delegation of authority, and 
delegation of responsibility, etc.) should be applied modified by the 
local conditions.** The organization plan should be developed with the 
idea of future expansion, contraction and changing assignment in mind, 
so that succeeding reorganizations will cause as little disruption as 
possible. The flexible organization, in particular, will require that 
all employees clearly understand their position with and to others at 
all times. 
3. Organizing for Design and Development 
Several typical organizations of various levels will be pre-
*1, p. 40 
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sented on the following pages. Obviously there is no standard chart of 
organization and no organization chart can be transposed completely into 
another company regardless of similiarity of industry or even within 
plants of the s rune company. It is possible, however, to modify an appro-
priate chart pattern to adapt the organization to a particular company or 
enterprise.~!-
A. Company Organization 
The position and relative importance of the engineering design 
section will be largely determined by the type of industry, company 
interests, management policy, products or process and a variety of other 
factors. The three simplified examples (Chart I, A, B, and C) indicate 
typical conventional organizations for different economic efforts. The 
size of boxes suggests relative amounts of emphasis on operational cat-
egories in each case.~~ It can be seen, from the three figures on Chart 
I, that the more complex the product, (Chart I-A) the greater will be 
the economic effort in the first phases - design and development and man-
ufacturing and service, with the greatest emphasis on the first category. 
The higher the rate of turnover, (Chart I-B) on the other hand, the 
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greater will be the effort in the second phase - styling and selling and 
vrarehousing and distribution with the latter attaining the maximum emphasis. 
Chart I-C is represented as an even distribution of effort for 
the hypothetical "ideal" item. This last chart can be used as a point of 
departure for ~~alysis of less simplified organizational set ups. Ex-
i~l, P• LO-ltl 
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panding the "ideal" product company to a company making several 11ideal11 
pr oducts will result in the simplified Chart II-A. These products A, 
B, and c, are assumed to be of the same general type. The same company 
with t wo different product types would be organized as sho~rn in Chart II-B. 
The Roman numerals I, II, designate different product types while the 
letters A,B, and c, indicate different products within each general type.* 
The cases outlined in Charts I and II indicate a few possible 
elements of surrounding company activity that will affect organization of 
the design and development section within the company framework. In 
Chart I-A, the design and development operation vtll be the strongest 
supported department 1-1here as in Chart I-B, this section, although im-
portant, will entail the fev.>est of the COil\Uanies resources in capital and 
personnel. Even with a hypothetically "ideal" product company the de-
sign and development effort will differ organizationally depending upon 
the number of different types of general products and the variety of dif-
ferent products vrlthin the general product groupings. These f actors of 
varying emphasis and company structure must be considered before at -
tempting further detailed organization. 
h. Planning and Control Within the Design and Development Section 
The orevious paragraphs dealt lvith the position of the design 
and development department wit hin the company structure. These external 
situations 1dll affect the internal operation of the design department. 
For example, a large design and development department handling several 
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different types of products within a general category (Re Chart II-B) 
may be organized with a centralized planning and control section as 
sho1~ on Chart III-A. A second alternative to this system is the as-
signment of smaller planning groups to each project as shown on Chart 
III-B. 
In some instances, it may be more practical to separate be-
tvleen several ftmctions of planning and control and centralize a single 
operation. This case is shown on Chart III-C 1-Jhere the function of 
material control and the other supporting gr.Dups for the several pro-
jects are centralized but the organization still retains the decen-
tralized planning groups for the separate projects. This might be 
used where the projects are ·such that the administrative tasks are con-
siderable with only limited need for physical material (i.e., basic re-
search) or where plant layout limits operation to a single storeroom. 
These three examples by no means represent the innumerable 
variations in organization that may be considered or used, however, they 
do represent the general types of common organizations usually encount-
ered. Normally, the centralized planning and control section (Re Chart 
III-A) is the more economical and producttve unit. A more satisfacto~J 
direction of effort and interest ca..r1 be attained with com1non methods, 
systems and procedures in additiion to maintaining the necessary flexi-
bility to accomodate the changing work loads and assignments inherent 
in design and development. 
5. Organizing the Pla..l'llling and Control Section 
The basic unit of organization "(.Tithin the planning and control 
section should be established by function. Again, it can be centralized 
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or decentralized depending upon the nature of the assigned projects or 
desires of the engineering head. As noted previously, the werucness of 
the straight functional concept, during design, is the lack of a devoted 
specific interest for any particular project. In normal production con-
trol activities with 1rell established procedures, work flows, &"ld schedules, 
the centralized functional organization is more desirabla since special-
ized experience and effort are applied for all functi~ns. However, during 
design a..11d development, 1mere operations are frequently chaotic with 
frequent changes and orderly progression of work is improbable, the bal-
ance of effort inherent in centralized functional operation becomes unsuit-
able.~-
The project must be "sparked plugged" from beginning to end with 
constant and extensive effort. Temporary set backs and delays cannot be 
allowed to degenerate into stagnation because of a lack of special inter~ 
est. Within the functiona..l framework the responsibili ty for the plan-
ning and control of the project must be pin-pointed. This decentralized 
control may appear uneconomical in certain areas but the results should 
compensate for the apparent duplication of some operations. There are 
certain fUnctions that may be suitably centralized vdthout loss of need-
ed control. Very often the most practical solution is a combination of 
the two extremes in organization. 
To illustrate: Chart IV-A represents the straight functional 
organization where the functions A,B, and c, service the projects I, 
II, and III. In contrast, Chart IV-B represents the prDjects I, II, and 
*h, pp 27-28 
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III, as having the necessary functions performed separately "Jithin each 
project. Chart IV-C indicates a yery logical compromise between the two 
extremes. Here functions A and B are organized to service all three pro-
jects l<rhile the project assi2nment directly controls the functions C and D. 
The organization in IV-C "'·rould be ideally suited for operation with cen-
tral stock control and a central shop facility servicing the three de-
sign projects. Obviously function B - Shop Loading - would be impossible 
under this structure if assigned to the individual projects since work 
from all the projects must be scheduled into one facility. At the same 
time, if we assume that the total stores activity requires only two stock 
clerks, it becomes obvious that maintaining three separate stock areas is 
inefficient and ridiculous. It should be noted that the physical control 
of material within a storeroom is in reality only a service operation and 
can be assigned functionally without limiting the control exercized by the 
:project responsibility. This is particularly true if the inventory con-
trol is retained by the planning control group. Thus, it can be seen that 
the internal organization of the planning and control section may take 
several forms, and should very properly reflect the pectuiar operating 
circumstances within which it is placed. The general organization should 
more nearly resemble that pictured by Chart IV-C since this will give the 
design project the impetus of direct project responsibility combined with 
the economy of functional and general services. 
Assuming that the functional organization does conform in gen-
eral to the pattern pictured by Chart V-A (which is derived from a por-
tion of Chart IV-C) we can detail the functions in order to continue into 
the ope rational phase. A simple line organization is presented in Chart 
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V-B to better illustrate the flm·J of work and assignment of responsibil-
ity for the explanations of proeedures and systems ,rhich will follow. 
This simplified chart is sho~m only to establish a frame of reference 
for additional discussion and at the same time indicates some typical job 
classifications. The size of the project will determine the quantity of 
personnel required to fulfill the obligation and will also determine th~ 
number of functions that will be the responsibility of each person. On 
small projects , one person alone may be required to handle all the activ" 
ity under the block titled Project I. On large complex projects, it may 
be necessary to establish a considerable organizational str~cture to sat-
isfactorily accomplish all duties, 
Obviously, with numerous possibilities of organization, it will 
be difficult to establish clear cut classifications for the various jobs. 
There will necessarily be considerable overlap between the various class-
ifications. At the same time, a pl~~ed effort of cross-training of 
employees should be accomplished to more effectively utilize the avail-
able personnel. As employees become more qualified in a speci al area 
they should be encouraged by actuf'.l assigP.ment to learn adjacent duties 
to provide a greater degree of flexibility , There should be a long term 
plan for over-all training, developmental in nature, but this plan should 
be a continuous process cover ing the three fundamentally important areas 
of sld.ll, knowledge and attitude.* 
Perhaps the most unfamiliar classification of those presented 
is that of Procurement Plar~er. The production planning section usually 
*12, pp 67-74 
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CHART V - PLANNING AND COO'IROL ORGANIZATION 
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originates orders to shops and requisitions to purchasing, however, in 
special circumstances the simple ~rriting of a requisition becomes a major 
undertaking req,liring unusual knowledge and training. It has been found 
that, during design and development for highly tech~ical units requiring 
components of extraordinary characteristics, the ordering of a part 
correctly to a distinctive part number or specification requires speciali-
zation to the extent that a definite job title is justified. Frequently 
the information presented by the blueprint or sketch is l Lmited and, 
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under some government contracts, it is necessary to refer to government spec-
ification manuals so that acceptable components will be procured for the 
end item. This checking operation cannot be adequately performed by 
purchasing since the use of sub-standard components is also allowed dur-
ing experimentat,.ion, therefore, t wo distinct types of purchase requisi-
tions are oossible and an intimate familiarity ~dth the job is necessar~. 
This is especially true in the field of electronic design, r,;rhere, sur-
prisingly enough, most engineers have difficulty in determining which parts 
are acceptable to the government inspectors under terms of the contract . 
In recognition of specialized functions the distinct job classification of 
Procurement Planner may be established. The several other job classifica-
tions are typical and should cause no difficulty in interpretation.# 
#Typical job descriptions for the classifications of Planning and Control 
Supervisor, Procurement Planner, Production Planner, Inventory Clerk, 
and Expediter are included in Appendix II. 
c. The Origin and Release of Information to the Planning and Control 
Section 
All action taken by the Planning Section is de-pendent upon in-
formation supplied by the Engineering Section. The formal engineering 
release is 1~ll 8Stablished as a means of communication between engineer-
ing and production control and i8 readily adapted to the development 
phase to initiate action in certain areas. In addition to the usual 
methods used by engineering to release information to pl~~ing through 
blueprints, parts lists, Bills of Materials (B/M), and specification 
sheets, it is necessar,v duTing design work to obtain needed material for 
experimentation and development . This material, if possible must be 
available for immediate use, as desired. It is naturally impossible to 
anticipate innumerable requirements nor is it practical or economical to 
carry a general stock s o vast that it would satisfy all but the most 
unusual desire . However, even in as complex a field as· electronics, it 
is feasible to establish an operating stock for which previous experience 
has demonstrated a consistent level of usage. Again, referring to the 
field of electronics, typical catalogue type of items of this nature would 
consist of standard hardware, tubes, sockets, resistors, capacitors, and 
others. An approach to this problem is the use of a co~~ttee to es-
tablish standards and an appropriate stock level for items of common use. 
In order to complement this 11 iw_mediate availability" stock, it 
is necessary to plan for those items which are the direct antithesis of 
the operating stock. This includes those units "'lrhich must be designed 
and procured to unusual specifications or those items whose infrequency 
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of use or inordinate expense prohibits inclusion ~dth the operating stock. 
This category also includes those components which require exceptional lead 
time for procurement because of short supply or new developments. In plan-
ning for this type of procurement during design, it is necessary that the 
engineering section transmit to the planning group, the necessary inform-
ation immediately upon establishment of a requirement. In other words, an 
engineer engaged in development work, such as in electronics, cannot prove 
out his design by drawings alone . He must physically bring together those 
components which he has included in his circuitry and evaluate the results. 
(This informal type of prototype in electronics is called "bread-board") . 
This means, then, that as soon as the engineer is reasonably certain in 
his mind that he needs components, not available in stock, he must request 
that these be provided. 
During this experimentation for correctness of design, it is 
possible to combine and substitute a variety of parts in order to gain 
the identical result as would occur from the design proper. In other 
1,rords, a clean design consisting of five components may be proven by com-
bining eight or nine other components to obtain the same electronic re-
sult. Naturally, the "bread board" unit of inefficient design would not 
be a true model but would serve merely as a check. Between this proving 
operation and the actual drawing of mechanical assembly blueprints, a 
considerable amount of time may elapse. Again, the engineer or plan-
ning should not wait for the formal release of the drawings but should 
instead originate purchasing requisitions as soon as possible. INhere 
long lead procurement items are concerned any method that will start the 
purchasing function a little sooner is highly desirable. 
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A method must a.lso be provided for a quantity of miscellaneous 
fabrication necessary during the "bread board" stage. A number of test 
chaES.s, brackets, t errninal boards, cables, etc., must be manufactured 
quickly and easily so that engineers can experiment before finalizing 
the design. Occasionally, an engineer builds up the actual unit by 
ordering the parts or assembly to informal sketches, then if the design 
proves adequate the drawings are patterned exactly from the existing work 
model and sometimes the model becomes an actual portion of the delivered 
unit. In this way, the engineer knows the exact status of his design 
responsibility since he is actively engaged in buildifl_g his unit. This 
type of miscellaneous manufacturing must be controlled in exactly the 
same way as a production release. 
The preceding indicates three broad types of engineering in-
formation which planning uses to initiate a particular action. First, 
the release of infonnation through blueprints and other means officially 
for final quality controlled work. Second, the advance ordering of parts 
known to have cow~on usage and those components which require special 
services or are lead ordered in advance of final design . Finally, a 
broad area of activity covering many miscellaneous internal manQfactur-
ing services during "bread board" or experimentation, which in some in-
s tances may be used in the finished product . 
1. The Engineering Release 
The formal engineering release is accompanie d by the necessary 
blueprints and/or specifications. The release may cover an entire as-
sembly or may be limited to one part alone. The issuance of the release 
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authorizes planning and control action. Hm·rever, because of lead ordered 
items and other parts, and units unofficially released by engineering 
for procurement or fabrication, it is imperative that the release be broken 
down into all its components. This break down must be checked against re-
cords of previous action to avoid duplication and to ensure procurement or 
fabrication to the latest change. Any ommissions or changes must be ad-
justed at this time to reflect the true requirements of the prototype 
unit. Since much of the 1<:o rk may be released piece-meal and before de-
sign is approved it is necessaTIJ that great care be taken at this stage 
to prevent "loss of the war because of a nail 11 • After this has been 
accompl:i.shed the additional or revised work orders and purchase requisi-
tions are initiated. 
2. Stand~_rdization Committee 
In order to create an effective operating stock for experimen-
tation use, a Sta.'"ldardization Committee maybe established. This commit-
tee may be one man or a group depending on the project and will be com-
posed primarily of engineering personnel with one r epresentative each from 
the drafting and planning sections. The purpose oft his committee is two 
fold . First, it establishes the selection and quantity of those items 
which will be obtained for an operating or "open stock". At the same 
time, it limits by the sa~ selection the use of several different items 
to perform the same function. This standardization is particularly val-
uable ~orhen several engineering groups are engaged in working on different 
sections of the sanE project. In effect, it coordinates the activities of 
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the various groups so that some semblance of unity of design is apparent 
upon completion. It also eliminates many of the procurement problems by 
specifically limiting unnecessary duplication. For example, the 
Standardization Co:mmi ttee simply by imposing a condition such as "All 
hardware shall be stainless steel wherever possible", immediately elimi-
nates an enormous amount of duplication such as would result if each 
engineer or draftsman were allowed to use his own preference on the mate-
rial of hardware. A practical stock of hard1v-are can be carried in open 
s t ock when such standardization exists whereas an unrestricted selection 
would create an impossible burden of material procurement and control. 
The standardization committee should meet periodically to revise and 
reissue the standards as required. Bulletins from the committee are 
considered as authorization for procurement in the quantity established. 
In addition to the procurement standards established by the 
committee, control of purchase orders in advance of final design must be 
maintained so that upon official release no possible duplication may occur. 
A suggested method of control and approval will be included in Section 
II-D, Procurement Planning and Control. 
3. Miscellaneous Parts Manufacture 
A method of informal authorization should be established so 
that engineers, through planning, will be able to obtain numerous fabri-
cated parts from internal facilities. These parts, although often used 
only for experimentation are important to the progress of the project. 
These miscellaneous parts are subject to shop loading conflicts and 
material requirements just as any final product. The orders must be 
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controlled during process and delivered on time to the engineers. A 
suggested procedure of this ~e is included in Section II-E. 
D. Procurement Planning and Control 
Except for those items which were lead ordered by Engineering 
for procurement in advance of formal release and for miscellaneous fabri-
cation associated with the experimenting or "bread board11 activity, a 
copy of all formal releases will be forwarded directly to the production 
planning and control group within the planning and control section. 
Previous policies may have been established by the engineering section 
as to actual disposition of the release. This is a little unusual in that, 
under normal production control, a released unit becomes the responsibili~ 
of the production control department whereas in design the hanQling of 
the release may be directed by engineering. In design work it is often 
necessary that special conditions be imposed during manufacture and in 
some instances as semblies with general specifications are released to sub-
contractors who ac tually accomplish the detail design. Naturally prior 
negotiations between engineering and unusually qualified vendors for such 
units must be considered as well as the probabilit,r of continuing liaison. 
l. The Purchase Request 
It is important that every action by planning be covered qy 
appropriate signed approval from the engineering section. This approval 
level is dependent upon company policy and usually begins at the Project 
Engineer. Records sholud be maintained so that the source of all action 
can be readily ascertained. There are a variety of filing systems avail-
able for this purpose and generally one of the visible index or card 
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systems will be found most appropriate.* The writer has found that the 
rotary file ~Jstem to be the best suited for an operation requiring 
thousands of cards wherein t he necessary information can be completed on 
a 5 inch by 8 inch card surface.# In order to set up a method to keep 
originator approved action on file, it is necessary that some form be 
used to initiate action from engineering to planning since the actual 
purchase requisition or work order should be the function of the planning 
section. Figure VI illustrates a typical form used for the lead ordering 
of purchased parts by the engineer. These parts will be ordered for 
experimentation or will be ordered in advance of the formal release so 
that work may proceed immediately upon completion of design for that 
particular unit. The engineer will complete the form in duplicate, indi-
eating the job number for which the part is desired. Column (1) will be 
used for the quantit,r used in the end item. Column (2) will add to the 
original quanti~ the number of parts deemed necessary as spares for 
t his component and Column (3) indicates the total requirement. Columns 
(4), (5) and (6 ) are used for part number, complete description, military 
specification when known, and the specific vendor if the part is not a 
universal product. Column (7) is used for the assembly number or name 
for which the part is used. If the part is procured only for experiment, 
this should be indicated. The required delivery date for the item 
ordered is entered in Column (8). 
# Rotary file system - cards are notched for mounting around the circum-
ference of a large wheel or drum rotating within a cabinet and acces-
sible for consultation or for the removal and replacement of cards on 
which postings are made.*~ 
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2. Control Procedure 
Procurement planning, upon receiving the duplicate purchase re-
quest approved by the Project Engineer, checks the information for complete-
ness and originates a numbered purchase requisition similar to that shoiin 
in figure VII. The number of the purchase requisition is entered in column 
(9) on both copies of the purchase request and the carbon copy of the 
request is returned to the engineer so that he will have a reference 
requisition number for future follow up. The original request is filed 
under the name of the engineer. 
The number of copies of a purchase requisition will depend upon 
the local procedure, however, two or three copies should be the minimum. 
The copies should be of varying colors coded for specific routing. The 
purchase requisition can now be originated by the planning section and 
approved by the planning super,~sor since he has in his possession a form 
substantiating project engineer approval. The original (white) copy of 
the purchase requisition is forwarded to purchasing for action. The 
second (blue) copy, before being filed numerically in an open file, is 
used to post entries on stock and requirements cards. Only the heading 
on the stock card is completed and the card is then given to the inventor,y 
control section so that the correct stock card will be available upon 
receipt of the material. The third copy (yellow) may be kept in a bound 
book for possible future use or as a permanent record. The requirement 
and order card is used to accumulate the requirements for any one part, 
purchased or fabricated, used in the end product. 
Referring to the san~le requirements card (figure VIII), it can 
be seen that one pa~t -may be used on several different assemblies in 
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varying quantities. The complete ordering information is also posted so 
that a rapid check will indicate if total (column 14) orders cover the 
commulative requirement (column 9). The different requirement entries on 
the card indicate a variet,y of circumstances that justifY ordering which 
are not in common in normal production control. Entry A reflects the 
authorization from the standards committee to order ten electronic tubes 
for open stock use at the beginning of the project. Entry B indicates 
that engineering release number three (column 2) for assembly number 
125671 requires six tubes for each of two units. Entry C indicates that 
the amplifier (no dra~rlng number assigned) being designed will require 
three tubes including a spare. Entry D, again, indicates a formally 
released assembly which now raises the total requirement to thirt,y-two 
(32) tubes. Entr,r E records the request of engineer Jones for fifteen 
tubes needed in experimentation thus raising the known requirement to 
fort,y-seven. 
On the ordered side of the card, entry F indicates the original 
Jorder placed against the open stock authorization from the standardization 
committee. The following posting (G) shows the order placed against the 
requirement for assembly number 125671. Evidently the requirements 
shown on C, D, and E were received the same day thus only one order was 
made for all three indicated by the entry H. The purchase order number 
for the recent entry H is not shown since a purchase order has not yet 
been received on this requisition. 
To recapitulate at this point; purchase requests are used by 
engineering to initiate procurement - a purchase requisition is issued on 
the basis of the purchase request - the original purchase requisition is 
• 
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forwarded to purchasing - the blue copy of the purchase requisition, before 
filing, is processed for entries to the requirements and order card and 
is also used to originate the inventor,r control or stock card (figure 
XVIII) - the third or yellow copy of the purchase requisition is left in 
the bound requisition book as a permanent record or for a possible 
supporting use. 
The purchasing department returns a copy of the purchase order 
to the planning section. At this time the inventory control clerk inspects 
the order against the file copy of the requisition for correctness and 
promised delivery. If the order and the requisition agree and the delive~y 
date on the order is within that specified on the requisition, the number 
of the order is posted to the requisition and the requisition is then 
placed in a "closed11 file since it has served its purpose. 
The purchase order number is posted to the requirements card 
(Column 12) and the purchase order is placed in a 11open" file and will 
remain there until the order is complete. If, however, there is any dis-
crepancy between the order and the requisition the inventory clerk hands 
both the order and the requisition to the procurement planner for correc-
tive action. It may happen that t he purchasing department has changed 
the quanti~ or description of the material ordered. The difference may 
be a ~ographical error or may be an actual change in quanti~ or descrip-
tion. The original request may have used an incorrect part number or 
purchasing may have increased the quanti~ ordered to take advantage of a 
quantit,y discount. If such is the case, the postings to the stock card 
and the requirement card must be changed to reflect the correct information. 
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Possible delayed delivery, as indicated by the purchase order must be 
brought to the attention of the engineer originating the order. The 
engineer may either accept the later delivery, order a substitute, or 
request special expediting. The important point is that the engineer is 
made aware of any problem effecting his unit. 
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The preceding is presented as a t.ypical operation in the procure-
ment of components for design and development. The system presented to 
this point and charted in figure IX, may serve as the basis for estab-
lishing similar procedures. Under this concept, the material control 
function is separated quite definitely from procurement planning because 
of the unusual conditions attendant during development work. During 
normal production activ~ties, it is conceivable that the material control 
section may include the ordering function since the basis for ordering is 
primarily established within the production control section from infer-
mation gathered directly from formally released engineering data. 
However, under the procurement planning system outlined here, the mate-
rial control function is limited to the physical handling of goods from 
the time they are received until wj_thdrawn for use.# It is primarily a 
stores keeping activity and is supported by the records maintained within 
the planning and control group. 
3. Sub-contracts 
It is often necessary to sub-contract unusual assemblies or 
units to qualified sub-contractors. Tnis is sometimes the result of 
incomplete facilities or insufficiently trained employees for manufacturing 
* 4, p 127-2.54 
# Refer to Section II-f. for further details on material control 
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the equipment or it may be a highly technical operation involving unusual 
production techniques.# These sub-contracts are originated much the same 
as the catalogue type of item, however, the supplier will normally build 
the equipment to the designer's specifications or blueprints. 
In many cases, portions of the assembled units are supplied by 
the designer. For example, an engineer designing an electro-mechanical 
unit lihich partially consists of purchased parts requiring long lead 
ordering, will buy those parts far in advance of his completed design. 
If his completed unit can be built quicker and at less cost by an outside 
company he will plan to have the parts he has already procured supplied 
to the outside contractor manufacturing his finished unit . 
Unlike true production control, the design engineering section 
makes the decision as to vendor or internal manufacture and under this 
system the official engineering release is reserved for those units which 
are to be produced by the engineering shops. However, as explained 
previously, the official engineering release still acts as authorization 
to procure purchased components called for on the various blueprints. 
Pl&~ning and control should receive the necessary blueprints or specifi-
cations with the purchase request. 
The responsibility for supplying the blueprints is placed on 
the engineers to ensure that the correct design data is used. The usual 
procedure is to supply several sets of blueprints; one set is retained 
by planning and the remainder are fo~iarded to purchasing along with the 
# In electronics - transformers, precision potentiometers, microwave or 
antenna gear, etc. 
requisition. Purchasing distributes the necessary sets to the vendor, 
receiving, inspection, and ot;her departments according to the company 
system. 
5l 
The procurement or production planner makes a complete break-
down of the assembly upon receipt of a purchase request and the necessary 
drawings. If parts are to be supplied to the vendor for use on the order 
and the assembly is fairly complex, it is convenient to use a special form 
devised for the purpose since purchase requisitions and purchase orders 
are not normally designed for this situation. A satisfactory form of 
this type is presented in figure X 1-1i th sample entries for a small sub-
assembly. A brief explanation of each entry will serve to indicate some 
unusual planning procedures present in design projects. 
Line 1 - The vendor is instructed to produce and asse~ble five 
(5) motor-tachometer assemblies, part number 125680, Revision A. Each 
assembly will consist of line items 2, 3, 4, and 8, and drawings are 
being supplied with the order (column 5). 
Line 2 - The vendor is to use five (5) castings, part number 
126431, which were evidently ordered from him on a previous contract, 
numbered SC-254. This is not an unusual occurence, frequently portions 
of a design unit are released in advance so that no delay will occur 
when design is completed. The original order (SC-25L~) will have instructed 
the vendor to retain the parts for future assembly. 
Line 3 - The vendor is to produce five (5) flange plates, part 
number 126432, no revision, for use on the assembly. 
Line 4 - The vendor is to assemble five (5) shafts, part 
number 127641, Revision c, using line- j:tmrrs-5:J 6, and 7. 
Line 5 - The vendor is to produce and assemble to line item 4, 
the shaft, part number 127643, Revision D. 
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Lines 6, 7 - The Thomas Company will supply hardware to the 
vendor for use on this order. Supplying this hardware may indicate that 
it is available in ttopen standard stock11 at the Thomas Company and since 
the purchasing of these parts by the vendor may delay delivery of the unit, 
it is preferable to supply this low cost item with the order. Drawings 
are not required (column 5 - NR). 
Line 8 - The vendor is to assemble the motors, part number 
BP-461-2, manufactured by Diehl, to the motor tachometer assembly - line 
item 1. These motors are to be supplied for use on this order by the 
buyer, Thomas Company. Here is an ec:ample of a long lead purchased item, 
1~th an early known application, being procured in advance. Now that 
design is complete, no delay need occur since the part is available. 
Anot,her possibility is that several hundred of these motors are to be used 
in nmnerous assemblies and the Thomas Company has purchased the total 
requirement at one time to take advantage of quantity discount. 
Line 9 - The Thomas Company will complete the unit by attaching 
the tachometer to the partial assembly supplied by the vendor. This may 
indicate that the final design is not yet complete on the tachometer and 
the engineer desires to have the rest of the assembly available or it may 
mean that the tachometer design is dependent upon the purchase of the 
rest of the assembly and design cannot progress until the partial assembly 
is delivered. 
As can be seen from the foregoing a variety of unusual aspects 
may be a part of sub-contract buyi:ng,-- ana-certain records must be 
\ 
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originated and maintained to control these areas. The sub-contract 
instruction sheet is one record that is help£ul. The form can be origi-
nated by the planning section in a reproducible £ashion (di$to, multilit~, . 
vellum, etc.) and £orwarded to purchasing as an attachment to the standard 
requisition which will contain any other in£ormation deemed necessary £or 
clari£ication or instruction. The purchasing department reproduces the 
required number of copies which are £orwarded as part of the purchase 
order. 
In aqrevent, a£ter requisitioning this type of sub-contract, 
it will be necessary to extract certain information £rom the planning copy 
o£ the purchase requisition. The comp~ now will have an obligation to 
supply certain parts to a vendor after the order is actually placed. The 
articles to be supplied may be back ordered i£ not in stock or withdrawn 
from stock if available. All purchase orders, as a matter o£ routine, 
should be routed through the procurement planner before being turned over 
to the inventory control clerk. The planner should be responsible for 
originating appropriate shipping papers when needed. It may be company 
procedure to limit shipping orders to the purchasing department and the 
contract administrator, in which case, the planner requests that action 
be taken by the cognizant department. A copy of the shipping order should 
be routed to planning and should be attached to the purchase order in the 
11open file 11 to indicate completed action. 
The second specific use of the planning copy of the requisition 
on sub-contract procurement is the extraction and posting o£ all drawing 
numbers and revisions to appropriate production control records. It is 
the responsibility of the planning section to be certain that units are 
manufactured to the latest drawing. This will include units that have 
been let out for sub-contract to outside vendors as well as units 
scheduled for internal manufacture. The mechanics of an appropriate 
s.ystem will be detailed in section II-D. 
In any event, after requisitioning this type of sub-contract, 
it ~~ll be necessary t o extract certain information from the planning 
copy of the purchase requis ition. The company now will have an obliga-
tion to supply certain parts to a vendor after the order is actually 
placed. The articles tic be supplied may be back ordered if not in stock 
or withdrawn from stock if available. All purchase orders, as a matter 
of routine, should be routed through the procurement planner before being 
turned over to the inventory control clerk. The planner should be 
responsible for originating appropriate shipping papers when needed. It 
may be company procedure to limit shipping orders to the purchasing 
department and the contract aQ~inistrator, in which case, the planner 
requests that action be taken by the cognizant department. A copy of the 
shipping order should be routed to planning and should be attached to the 
purchase order in the "open file" to indicate completed action. 
The second specific use of the planning copy of the r equisition 
on sub-contract procurement is the extraction and posting of all drawing 
numbers and revisions to appropriate production control records. It is 
the responsibility of the planning section to be certain that units are 
manufactured to the latest drawing. 'Ihis will include units that have 
been let out for sub-contract to outside vendors as well as units sched-
uled for internal manufacture. The mechanics of an appropriate system 
will be detailed in section II-D. 
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4. Expediting 
The external expediting of purchase orders is a function of the 
purchasing department and is usually an automatic action controlled by 
calendar date files. However, due to the unstable performance of schedule 
goals inherent in development efforts, it is frequently necessary to 
revise plans and reschedule delivery. Another factor that must be consid-
ered, is the general service rendered by the purchasing department to all 
company requirements. The understandably prevalent attitude of the 
purchase expediters is to give an equal amount of service or effort to 
all demands. It therefore becomes necessary to sometimes alert purchasi11g 
expediters to a truly urgent need or a new delivery requirement to meet 
adjusted schedules and even to point out that promised dates have not been 
met. The purchasing expediter completes his responsibilit,r when the 
material is received into the plant. This is verJ often the beginning 
for the job expediter since the material still has considerable processing 
ahead of it before it is delivered to the storeroom. 
vf.hen the occasion warrants, particularly where thousands of 
different parts are to be supplied from outside sources on a tight schedule, 
it becomes practical to assign the expediting responsibilit,y as a full 
time dut,y to a member of the planning section. If the load is not too 
extensive, it may be assigned as an additional dut,y to the various procure-
ment planners. Regardless of assignment, it will be a very justifiable 
function. It is here that sometimes the cost of control very often will 
exceed the monetary value of certain orders but the lack of control or 
follow up could have disastrous effects on job performance. 
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The system can be established in a variety of ways. 'Ihe 11open" 
file of incompleted purchase orders may be used as the follow up file, 
however, since these are usually filled by purchase order number for 
quick and easy reference, it is usually better to establish some sort of 
"ticklern card file set up by delivery dates and cross referenced by 
order number. The follow up file can be complemented by a follow up form 
designed to prod purchasing into additional action. Figure XI, A and B, 
are typical examples appropriate to this function. 
E. Production Control During Development 
The production control function for the design project although 
of primary importance, is limited in scope of authori~y since the cogni-
zant engineer usually makes the decisions as to method of production. 
After the basic decision has been reached, however, a considerable amount 
of detailed planning and control follows. As discussed earlier, lead 
ordering may have taken place, sub-contracts may have been let on specific 
instructions and certain components have been made available for standard 
use. At this point, two major sources of additional activity remain. 
First, the multitude of miscellaneous manufacture relative to test and 
experimental development and second, the processing of the official 
engineering release for internal production. However, before preceding 
into these phases it is best to have an organized s.ystem for controlling 
all active orders. 
1. Drawing Control 
It is necessary to establish records containing the number and 
revision of any drawings supplied to vendors or to the shops. It is 
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particularly needed during design work since so many changes are made 
immediately after the original design. If complete control is not estab-
lished, suppliers wotud continue manufacturing parts to the old design 
which would obviously be unacceptable. Work in progress must also be 
manufactured to the latest information. After formal releases have been 
issued to planning and control by means of "signed off" drawings they 
will very often be followed by considerable changes to the original design. 
These changes, usually accomplished by revised drawings, call for mechan-
ical or component changes and again careful and immediate action must be 
taken to keep all records and action current with latest design. 
There are several satisfactory methods for t he necessary 
procudure. Where the design project is limited to prototype development 
and where additional production units are not contemplated a simple 
system may be established to cover only the outstanding open orders. It 
is usually best, however, to keep a complete record for any unforeseen 
future contingency. As each order is written, to outside suppliers or 
to the engineering shops, an entry (number 1) is made on a drawing control 
card such as shown in figure lit# 
The first entry on the drawing control card indicates that a 
purchase order was placed with Transcontinent Industries for part 
# The normal postings to the requirements and order card (figure VIII) 
are still accomplished in order to continue balancing total require-
ments and orders and establishing the needed information for quantity 
production after design approval. When using the order card for 
recording fabricated items it is only necessary to insert the work 
order number rather than the purchase order number in column (12). 
All other entries are similar and will serve the same purpose as the 
t.fpical entries explained in the preceding paragraphs except for those 
peculiar to purchased parts (i.e. open stock). 
I J~;,- 13 :;~--··· -~-- -·-·-·- . ~~~~--~~·; -C;~ s s1s v~·~ i- r M 
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number 125641 on March 1, 1955. On March 15, the engineer evidently 
notified planning that a major change was contemplated and requested that 
the original order be held pending Revision A to Drawing 125641. (Ent~ 1, 
column 4). Revision A was received by the planning section March 21, 
accompanied by an engineering change notice (ent~ 2).# 
The production planner forvrarded Revision A and the EON 
releasing the order on March 22 (ent~ 3). On March 31, planning received 
Revision B to Drawing 125641 (ent~ 4). No hold order was placed and the 
print with the EON was forwarded to the vendor on April 3. Several months 
later after the original order 67801 w~s completed another order (entry 6) 
was placed with the same vendor using Drawing 125641, Revision B. On 
August 10, Revision C was issued (entry 6) and action has yet to be taken 
by the production planner. 
Although this card envisions the control of a drawing sent 
outside the company, the procedure for work orders is exactly the same 
and t he entries will be similar. This form, and many others used through-
out the text, has been simplified for ease of explanation but vnll serve 
as a competant basis for establishing more complex or modified controls 
as needed. 
# Engineering Change Notices (EON) are forms which are in general use 
to give details and reasons for the changes in design. , Without the 
ECN it would be necessary to compare the old and the new drawing to 
discover the change, which, on complicated parts, could tru<e hours. 
Copies of Engineering Change Notices and t he revised drawing should 
be issued to planning and control on an automatic basis. 
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2. Work Order Request 
It is necessary that some method be established to control the 
production which is needed before design has jelled. The request for 
work to be accomplished may be verbally made from the engineer to the 
production planner or a more systematic approach may be used. Figure XIII 
illustrates a satisfactory t,r.pe of form for written instruction to the 
planning section. Its advantages are that it may be kept as a record to 
clear up questions that may arise at a later date; it leads to more 
complete information being given to the production planner; and it may 
also be used as a production record of action trucen and current status. 
The form is delivered to the planning section with two sets of 
sketches or blueprints. The heading and columns 1 through 4 are completed 
by the engineer. The remainder of the form acts as a record of progress 
and is particularly useful for those parts which must be routed through 
several shops before completion. Since there is no organized production 
line, it will probably be necessary that a separate work order be issued 
each shop. It may be possible in some installations to initiate a work 
order for the complete production with a move ticket attached. It is 
usually found, however, that chasing single parts through several model 
shop operations is a difficult task. The more direct method requiring a 
work order for each shop has the advantage of keeping the progress of parts 
under tight control although it does entail more paperwork and perhaps 
additional handling. The entries on figure XIII indicates that engineer 
Jones requested on March 1, 1955, that two parts be made by the fifteenth 
of the month for experimental use. The bracket required work to be 
performed by two separate shops and therefore the production planner 
f
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scheduled the part so that requested deli very would be met. The mounting 
plate which only required work in one shop was also scheduled accordingly. 
'Ihe present status shows the bracket to have its first order completed and 
the second one in work while the mounting plate is still in process. 
As can be seen from the printed heading on the work request, an 
engineer may order parts actually used on the delivered unit. If such is 
the case, it is necessary that the appropriate entries be made on the 
order cards so that upon release of the unit, those parts already made 
vdll not be duplicated. It may be necessary to establi sh .a follow up file 
for this operation depending upon the quanti~ of work requested. For 
moderate activity screening the open requests once daily will provide 
sufficient control. For a large amount of orders a card file organized 
by the requirement date for each individual work order will be more 
efficient. 
3. The Engineering Release 
This formal method of authorizing production is very similar 
to the ordinary manufacturing activit,y wherein the engineering section 
forwards to the production department the necessary approved drawings and 
data to initiate production activity. The production department then 
processes this information and proceeds to order 1..rork or procure material 
as necessary and assumes complete responsibility for the job using the 
' 
engineering department for information or liaison as needed. The decision 
as to hm1, when, and where to manufac·t:.ure is usually retained within the 
production department, frequently within the production control 
organization. 
65 
In contrast, the planning and control section of the engineering 
division acts as a support group to carry out the desires of the project 
supervisor . Therefore, as each release is received into planning, a 
screening process is performed to check previous action on that portion 
of the job. Although all drawings pertaining to the job are eventual ly 
"signed off" and cop i es routed to the planning section, many units may 
have been gi ven to outside suppliers and advance ordering and procurement 
of many parts may have taken place. Tl1erefore it is necessary first -ro 
compile this information before proceeding with the loose ends and 
completion of production. 
The firs t ac t ion on receipt of the released assembly is a 
complete breakdovn1 of all its components. Occasionally, the complete 
parts list accompanies the release depending upon the department procedure. 
Hore of ten however, the release is nothing more than a list of drawings 
(figure XIV) from which a parts breakdown must be accomplished. The 
hypothetical drawings listed on this simplifi ed sample release are broken 
dolfll in f igure XV into a typical parts list. In this parts list it will 
be seen that the order of a s sembly is indicat ed by the rel ative indentation 
of the part numbers. The assembly number 125671 is a t the top of the 
list and furthest left. All other parts will be indented to the right 
depending upon their application. 
Part number 125643 (line 6) which is indented the furthest 
right (column 4) is first attached t o t he cover (line 5) using the screws 
entered on line 7. Then the cover is welded to the next part carrying a 
dr awing number 111hich is the chassis weldmen t (line 2). l<,inally, the three 
parts which are listed beginning in column 2 (lines 2, 3, and 4) ar e 
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assembled together forming the main assembly 125671 (line 1). There are 
no revisions listed (colman 8) on this original parts list since this is 
the first issue of the drawings. Revisions undoubtedly will follow, how-
ever, until a drawing is off icially released, all changes may be made 
without adding revision letters. The heading of the parts breakdown 
indicates that two tube chassis will be built; one as the r equirement and 
another as a spare. Therefore, column 10 indicates the quantity of the 
difference parts needed to build one unit and column ll indicates twice 
as much or enough for two units. 
Every item on every parts list is checked against the order 
cards to prevent duplication and to locate ommissions. For example, if 
we check the item appearing on line 4 against the requirements and order 
card appearing in figure XIII we will see that the requirement for this 
part was entered to the card and has already been ordered on February 12, 
(entry G). It will be noticed that the total tubes needed according to 
the parts list is only eight (8) whereas actually twelve (12) were ordered. 
The explanation for this is that through experience an additional per 
centage of parts are ordered for each ~e of component. This spare parts 
percentage may be established by the standards committee, by the department 
head, or by specifications contained within the contract when it is 
contemplated that the prototype unit is to be delivered complete with 
spares. 
F. ¥mterial Control 
One of the most difficult problems faced by the _planning section 
is the control of material used on the job. Parts seem to disappear for 
no reason, parts allocated for one unit are used elsewhere, shortages 
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occur without warning, duplication is frequent, identification is lost 
and many other difficulties are encountered. The first problem that 
should be solved is that of identification. Manufactured parts cause no 
concern since the drawing number becomes the part number. 
1. Identification and Nomenclature of Parts 
Some manufactures have established their own system for 
identifying part numbers by using code classifications for various cate-
gories of material followed by the individual part number. For example, 
class 1 material might consist of hardware while class 2 may be assigned 
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to rubber goods. Thus, a screw might be identified qy a number such as 
1-105, while a rubber gasket may have assigned the number 2-10 and so on. 
Others run a consecutive number series called commodit,r numbers. In this 
system, identical parts are assigned a number from a log book when first 
received, and cross referenced in an alphabetical card file. All 
receipts of the same part will be identified by the same number. No 
effort is made at coding different categories on types of material. For 
example, a number 6 stainless steel lockwasher might be assigned commodity 
number 100935 indicating that since the system went into effect over one 
hundred thousand different parts have been logged. Thereafter all number 6 
stainless steel lockwashers will be identified by the company number 100935. 
Under this system the next different part that is received would be 
assigned the number 100936 assuming that this is the first tLme it has 
been ordered. The receiving report accompanying the material to the stock 
room will carry the commodit.y number. 
This s.vstem is ideal where long run or large quantity production 
is in existence but it is hardly satisfactory for design application. 
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Tbo many parts are ordered only once and never used again. Frequen~, 
several manufactures may carry the same part under different numbers, 
thus, when received, two separate commodity numbers would be assigned to 
identical parts causing confusion. In the field of electronics, where 
so many parts are built to the same government specifications, a cata-
loging expert would be required to prevent double numbering and assignment 
of the same number to two unlike parts. 
A third and perhaps the most satisfactory method for this 
application, is t he use of the original manufacture's part number or 
gover1~ent number which takes precedence.# The numbers are first filed 
by the noun describing the article. Thus, a socket with a part number 
'IS101402 liould be filed under the "S" section which would be subdivided 
alphabetically by groups so that switches might be t he next group. Within 
the grouping (sockets) the part numbers would be filed alphabetically and 
numerically in that order. 
The one big disadvantage of this system is the probability of 
the same part being identified by several proper names. To overcome this, 
it will be necessary to reach a decision on the nomenclature which will 
be in effect. For example, variable resistors and potentiometers are 
interchangeable nomenclatures - one of t he two choices must become the 
reference name for company usage. From that point on, the planning section 
can be reasonably sure that control may be satisfactorily established. 
# "Government numbers" refers to part numbers assigned to common component s 
by joint agreement between government agencies such as AN numbers which 
were specified by the Army and Navy or Military Specification Numbers 
(MIL-SPEC) which are the latest of the unification series and refer to 
specifications originated by the Department of Defense. 
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2. InventoEY Control 
A brief explanation covering typical material procedure is out-
lined below. Since this operation is very similar in many concerns further 
operating details may be obtained from several publications listed in the 
Bibliography. The "work in process" or "finished goods" inventory during 
design work is almost nonexistent. The major area of activit,v centers 
around material supplied from outside sources. There are many variations 
to the following and only enough is presented here to complete the 
procurement cycle. 
Incoming material is received and inspected and a receiving 
report is issued using a copy of the purchase order as a reference. The 
material and preferably two copies of the receiving report is forwarded 
to the proper stockroom. After the storekeeper initials the copies of 
the receiving report to indicate acc11racy, completeness, and stock loca-
tion the receiving reports are forwarded to the planning section. The 
inventory control clerk posts the receipts and stock location to the 
stock card and files one copy of the receiving report behind the purchase 
order and should at the same time indicate the current status of the 
purchase order. If the purchase order is complete it is removed from the 
"open file" and placed in the "closed" file. The second copy of the 
receiving report may be forwarded to the engineer originating the order 
as notification of receipt Of material. 
urn order to maintain the proper inventory as a true reflection 
of the level of physical stores, a record of every receipt or disbursement 
is necessary. The result of these additions to and v'iithdrawals from 
stock will be the balance on hand. - - - In practice most inventory 
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cont rol systems require more than the elemental types of information 
described above. 11 ~t- (Refer to section II-G for requirements under 
government contracts.) 
Numbered stores requisitions a.re used for wi thdrai..rals from 
stock and after the issue of material has been posted to the stock card, 
the stores requisition is filed numerically. It is the responsibilit,r 
of the inventory control clerk to notify the procurement planner when open 
stock minimum balances are exceeded. 
An actual inventory procedure is outlined below because it has 
been found that most texts on the subject are general in content and do 
not contain enough detail to ensure satisfactory results.# The details 
belo1r1 are adaptable to a complete inventory or to a perpetual inventory 
wherein a certain number of items are checked each day unt il the cycle 
is complete and may begin again. 
a. Before taking inventory the stockroom should consolidate 
all paperwork not already forvrarded to the planning section, 
in a single hold file; receiving reports, stores requisitions, 
credit to stock slips, etc. 
b. The stockroom is now ready to begin the inventory from 
the information supplied on the inventory sheet (figure XVI, 
columns 1, 2, and 3). 
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# The simplest method of inventorying is to shut down all storeroom 
activi~ and compare physical content against inventory records, 
however, this method has obvious disadvantages which cannot be 
accepted for design and development projects since work must be 
continuous and delay is seldom permissable. 
c. If any items are added or withdrawn from the uncounted 
sections of stock during the inventory by receiving reports, 
stores requisitions, or credits to stock, these papers should 
also be placed in the hold file. 
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d. If any items are added to the counted sections of stock 
during inventory by receiving reports and credits to stock, the 
quanti~ of these items must be increased on the inventory sheet 
(column 4, physical count) and the paper work must be placed 
with the hold file. 
e. If any items are withdrawn from the counted sections of 
stock during inventory by stores r equisitions the quantity of 
these items must be decreased on the inventory sheet (column 4, 
physical count) and the paper work must be placed with the hold 
file. 
f. When the total number of items have been inventoried the 
stockroom should take all the paper work in the hold file and 
attach it to the inventory sheets with the follor1ing notation. 
"Please post all paper work nov1 in planning's possession plus 
the attached before posting this inventory to the stock records". 
g. When planning receives the inventor~ rnth the attached paper 
from the stockroom all existing paper work already in planning 
and not posted should be gathered together and clipped on top 
of the inventory sheets. This material should all be posted to 
the stock records before the inventory is posted. No other 
incoming paper work from the stockroom should be posted before 
the inventory is entered on the stock cards. 
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h. If the physical count checks with the stock card balance 
an entry indicating inventory count and date is stamped on the 
stock card and the stock card balance is posted in column 5 
(Book Inv). 
i. If the physical count differs from the stock card balance, 
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no entry is made to the stock card at this time. The stock card 
balance and other information is posted to columns 5, 6, 7, and 8 
of the inventory sheet on these unbalanced i terns only. The 
planner makes every effort to reconcile tl1e discrepancies before 
the sheet is returned to the inventory clerk for posting 
adjustments. 
j. The inventory clerk accomplishes an entry to the inventory 
adjustment vouchers (figure XVII) for each unreconciled discrep-
ancy and uses the inventory adjustment voucher number as 
authorit,r for adjustment of balance. The inventory adjustment 
voucher and inventory sheets should be placed in the job file 
for reference.# 
3. Open and Closed Stock 
The "open" or "operating" stock which was discussed in previous 
sections, refers to tl1at stock which may be withdxawn for experimental 
use and is not allocated to arry specific unit or person. The "closed" 
or 11 allocated" stock refers to that material which was procurred for a 
specific use and should not be issued for arry other need. 
# The inventory adjustment voucher is a requirement of government propert,r 
administrators auditing Cost Plus Fixed Fee Contracts. It is also a 
satisfactory method of assuring supervisory approval before inventories 
are adjusted. 
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'Ihe open stock should be readily and easily available to any 
authorized person. The problem is the identificat ion of the stock so 
that unrestricted issue may be realized. It is usually impractical to 
have two separate stockrooms, one for the open stock and the other for 
the allocated or closed stock, although some companies have been able to 
do this with reasonable results. The same effect can be obtained by 
segregating the open stock within the stockroom. The open stock section 
can even be operated similar to a self-service supermarket. The engineer 
can v1ander through the open stock section picking up the i terns he needs 
and the checkout cashier (stock clerk) merely accomplishes a stores 
requisition and obtains a signature. One method of identifying open and 
closed stock on receipt for proper locating within the stockroom is 
explained below. 
Referring to section II-D, Procurement Planning and Control, 
and checking figure IX and the accompanying text, we can recall that one 
copy of the requisition is being held in the bound requisition book as a 
permanent record. This extra copy of t he requisition may novT be forwarded 
to the stockroom as a guide to differentiate between the "open"and "closed" 
stocks. The planner writing the original requisition merely enters a 
notation next to each item ordered. The stockroom upon receiving the 
material accompanied by t he receiving slips, (which will normally carry 
both a requisition and purchase order number) checks t he originating 
requisition to determine the disposition of the stock. 
If this system cannot be utilized, a second method remains. 
Instead of the supermarket or service type of operation, the engineer 
first goes to the inv§Dtory .records held in planning and originates a 
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requisition for the parts he needs , the procurement plruL~er checks the 
order card to determine if the part is available as open stock and if so, 
stamps the requisition as approved for issue. The same method may be 
used to issue the closed stock. Again, the inventory clerk or procurement 
planner checks the orde r card to be certain that the ~~thdrawal is by the 
same person who ordered the material. It might s eem strange to establish 
so rigid a control but anyone who has been associated with development 
work will quickly recognize t hA need for controlled issue of closed stock. 
Engineers engage d in design have a strcmge proclj_vity for needing#"every-
thing" that is in the stockroom 1dth the consequence that "Peter is robbed 
to pay Paul" more often than not. 
Another pos sible system for controlling the issue of specifically 
allocated stock is the use. of the second copy of the receiving report 
is sued to the engineer as notification of receipt of material. This copy 
of the receiving report may be accepted by the storekeeper as authorization 
for withdrawal. 
G. Government Contracts 
Over six hundred million dollars were spent during fiscal year 
1954 by the Army, Navy, and Air Force on research and development programs 
for avifltion alone . ~:- Obviously a zreat deal of this was nl aced with 
private contractors. Government contracts fall i nto tl-lo general categories. 
Cost Plus Fixed Fee Contracts (CPFF) and Fixed Price Contracts (FP). The 
latter usually have renegotiation or redet ermination clauses included. 
During operations unde 1· fixed price contracts, the contr actor i s subject 
~:-17, P• 13 
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to audit of procedures and control conformance to accept industrial 
practice. Under CPFF contracts however, since reimbursement for any 
money spent is complete and chargeable to the government, very strict 
accountability must be maintained by the contractor. Frequent inspections 
are made by government auditors, contract officers and property adminis-
trators. In effect, all material and services used on the job are the 
proper~ of the government and therefore subject to close scrutinization. 
1. CPFF Contracts 
A few highlights of government requirements are presented below 
but for complete information the writer recommends the use of Armed 
Services Procur·ement Regulation - Appendix B - Ivlanual for Control of 
Government Property in Possession of Contract ors. This manual is avail-
able from t he Superintendant of Doc"!L'llents, U. s . Government Property 
Office, 1-.Jashington, D. c. 
A completely closed, locked storeroom must be maintained by 
the contractor for the storage of government property. All purchased 
materials and material transferred from contractors stores must be placed 
in the government stockroom and -v;i thdrawn only by stores requisitions 
signed and approved by authorized personnel. A listing of personnel auth-
orized to withdraw stores should be submitted to the property officer 
having jurisdiction over the contract and should be periodically revised 
to add or delete personnel changes. Government property must be segre-
gated and kept physically separ8.te from contractor owned property at all 
times. A complete physical inventory must be accomplished at least once 
a year and again upon termination of the contract. Govern~ent inspection 
may make selective checks of--the inventory at any time. 
The contractor property control system (stock card) must 
incorporate the following information. Contract number, nomenclature or 
description of the item, quantit,y received, quantity issued, balance on 
hand, posting reference, date received or issued, unit price, location 
and disposition action taken. In addition, property control for special 
tooling must include an identification number and the i tem on "tvhich the 
tool is used. A sample stock card is reproduced as figure XVIII which 
is considered acceptable under the terms of the manual for control of 
government propert7 and by various property administrators. A satis-
factory scrap control procedure must also be established by the 
contractor. 
2. Govern.ment Furnished Properizy: 
This designation refers to the property in the possessi on of 
or acquired directly by the government and delivered or otherwise made 
available to the contractor. For instance, an airplane manufacturer may 
be supplj_ed electronics gear by the government to be incorporated into 
t he production a i r craft. This ~e of material requires the most 
stringent control. Serial numbers must be assigned by the contractor to 
the individual units and exact disposition by serial number must be known 
at all times. In addition, the equipment must be identified by t he phrase 
"U. s. Propert,y" applied by the receiving contractor. Another class of 
govermaent furnished property is provided under what is kno"tm as a 
"Bailment Contract". For instance, a manufacturer of gunnery equipment 
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for aircraft may require the loan of an Air Force plane to conduct properly 
its design work and prove performance. In this situation the government 
~o>rould lend or "bail" the appropriate airplane to the contractor. The 
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contractor is responsible for returning the equipment in the same 
condition as received except for normal wear through usage. 'Ihe aircraft 
must be maintained by the contractor according to Air Force Technical 
Orders and Regulations which impose an extensive burden of upkeep. 
It should be noted that more than one government contract has 
been cancelled because government audit has proved the contractor delin-
quent in the adequate control of property. No attempt has been made. to 
cover the complete information necessary for satisfactory performance under 
CPFF or Fixed Price Contracts but rather a presentation of several points 
to create an awareness of some of the operating conditions that would be 
imposed on a contractor who contemplated government projects. 
3. Security Regulations 
The requirements for safeguarding classified information must 
be considered for government contracts since so much of the current work 
being done in research and development is classified. The degree of 
control imposed is dependent upon the classification assigned t he project 
and the contractor should recognize that considerable overhead burden may 
be added t o the cost of performing the contract. The handling of classi-
fied information must be tightly controlled adding inconvenience and many 
man hours of clerical detail. Access to areas wherein classified w-mrk is 
in progress must be guarded and the area itself controlled by possible 
additional installation of bars, walls, combination safes, etc. All 
personnel assigned to the classified project must be appropriately cleared 
c 
and unauthorized visitors must be kept .in unrestricted areas. The approval 
of t he contract is contingent upon the contractor proving adequate 
security cont rol and again, it must be recognized that cont ract cancel-
lation is a definite possibility at any time security is relaxed.# 
# Complete information relative to this subject may be found in the 
Department of Defense "Industrial Security Manual for Safeguarding 
Classified Information'-' DD441, Government Printing Office, 
1rJashington 25, D. c. 
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III - Transition to Production 
The transition of a new product or process from the research 
and development phase into a completed production design presents hazards 
that may create unending confusion and 0elay. One of managements' most 
important and difficult problems is to guide development into production 
smoothlJr and quickly . A failure to do this consistently can and fre-
quently does result in large financial losses, if not in eventual failure. 
The most difficult and financially dangerous period in the histo~r of a 
new product is the transition from design to production. It therefore 
beco~es a practical necessity to ensure effective transformation into 
production without serious delays and loss of control.-!~ The design 
planning and control section plays a major role in this transition 
pe riod. 
A. Assignment of Production Responsibility 
The project at this time maybe assigned to the production 
department or maintained within the engineering depa_~ment depending 
u~on the policy of the business establishment. If retainedwithin en-
gineering the responsibility of complete production control should be 
assigned to the planning section which l<Till be familiar with the de-
tailed history. The planning and control section, using the original 
engineering decisions as a guide, can then proceed to establish schedules 
and originate orders . 
i.Jhen, however, the project is reassigned to a separate pro-
duction organization l<Tithin the company, the results of the design con-
trol records can be transmitted for use in advance ordering of compon-
ents ~~d raw material for fabrication and may also be used to originate 
* 13, p-30 
work orders . The production control section will undoubtedly orig-
inate a complete set of records for its own use and as a following check 
on information received from the design planning section. Considerable 
time may be saved by the use of the advance inform~tion if such informa-
tion is dependable. 
l. Production Design 
Upon completion of the satisfactory prototype unit, many ob-
vious details unsuitable to production techniques become apparent. The 
principles h~ve been proved, or proof is i n sight and m~nagement com-
ITLi..ts itself to go ahead with production design. Le.rge industrial enter-
prises engagect in projects have found it increasingly desirable to em-
phasize a firm measure of control over the scope of the revision phase 
of such pro jects. There is a natural understandable tendency on the 
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part of the research and development team to continue to rev-ise and per-
fect the product beyond the point of good business. The extent of changes 
necessary to conform to production standards will be determined by manage-
ment . ~-Jhatever the area of revision allowed, a rash of engineering changes 
will result which must be processed through the drawing card control and 
other records maintained by the planning and control group. 
2. Control and Records 
The control records established in the preceding sections were 
organized for adaptibility to production needs if necessary. If control 
during the design sta.ge was exercised correctly records of one mrit' s 
requirements will have been accummulate d and kept current to i nclude the 
changes after prototype completion. The accuracy and devotion to detail 
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accorded these procedures will nmrJ" pay handsome dividends. It is true 
that somewhat less effective controls may have contributed in an in-
efficient fashion to an eventual design u..l'lit but the lack of 1-rell dir-
ected effort 1-rill not reveal -vrealmesses which will disrupt the fast flmv 
of urgently awaited information. The basic records which must have been 
maintained in their entirety are the thousands of order and requirements 
cards with their numerous postings . The cards may be screened and the 
usage of individual parts totaled. Ce.re must be taken to include only 
those requirements which were based on actual usage in the finished 
product. 
Referring to figure VIII the actual number of tubes required 
for one unit, assuming design has been completed, will amount to t"tventy-
h -ro . This figure is arrived at by adding the figures in column 8 for 
e ntries B, C, and D. The entr-.r A 1rJ"as a requirement to purchase open 
stock and is not computed, 1rJ"hile the order resulting from entry D was 
used for experiment only. The entries on lines B and D were the result 
of formally released u~its . The entry C should, at this time consist of 
the assembly and release numbers inserted into columns 1 and 2 replac-
ing the original posting. This is true, if it is assumed that the 
Amplifier was finally released officially and still retained the same 
requirement. The posting of this change would have been automatic 
through the posting of the pcu~s breakdo"trJ"n derived from the engineering 
release for the Amplifier . The requirement for twenty-two t ubes includes 
spares and is limited to one unit, therefore the quantity of units times 
t w·enty-tw·o will equal the production requirement . This figure may be 
modified for production purposes such as additions to cover loss and 
breakage during manufacturing operations. The sa~e procedure carried 
throughout the complete file of order cards will result in accurate 
date for production planning purposes. 
The value of appropriate records maintained by the planning 
group can not be over emphasized. The difference between production 
on schedule and production behind schedule with its inefficiency and 
w-mste of additional effort may well be directly attributed to the 
availability of information from the prototype development. Strong 
liaison should be encouraged between the design planning group and the 
production co~trol section. Many problems encoQ~tered during the 
development phase of the project will reoccur again. File copies of 
all purchase orders and work orders will prove invaluable for deter-
mining sources of supply and manufacturing methods. Special tools 
developed for assembly of the prototype may be required for the remain-
ing production. A good basis for estimating costs for additional units 
can be derived from prior purchase orders and sub-contracts. Some 
indication of manufacturing cost can be obtained from accummulated man 
hours on work orders from the development phase. 
B. Project Termination 
Finally, the design project records are useful upon termina-
tion of the program. If the cost of the development was underwritten 
by the company, accurate budgeting figures may be presented. Credit for 
unused material can be obtained by returning the residue to the company 
general stores for use on other projects or, in some instances, some 
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financial recovery can be gained by resale. Terminations under government 
contracts must be strictly controlled and again the value of outstanding 
control records is reassured. 
C • Suw.mation 
Unfortunately, plant operations are not usually suspended while 
organization for the design and development controls take place . The 
problem may b e further complicated in some plants by the fact that the 
old system or lack of system, has left the project behind schedule ·with 
a generally tangled control picture. In some situations, the transition 
from the old system to an effective new one must be accomplished in a 
relatively short interval of time. This does not mean that the whole 
problem is solved rapiQ1y, but rather that the immediately necessary 
controls vJ.ill be applied only after caref'Lli study and analysis. Addi-
tional personnel may be required before, during, and immediately after 
the installation of a changed control system t o smooth out the oper-
ating difficulties encountered. 
1•!here the different operations are not too closely interre-
lated it is sometimes possible to introduce the new system of control 
piecemeal by function. In addition to easier transition it offers two 
other advantages . First, iDitial small scale installation affords a 
good opportunity to prove and 1 debug' the nevr system. Second, the best 
ansvJer for continued expansion of the new system is the proof that 
partial operation has already proven advantageous in other functions. 
Different controls and organization changes are introduced singly over 
an extended period of time. The ne1-1· system eventually pushes the old one 
out. To accomplish this successfully, a well defined starting point , 
interim steps, and end result must be clearly plaQned. This approa~h 
requires a carefully thought out sequence of activi t ies, each contri-
buting toward a set objective, and not a series of loosely related ex-
pedients.-::-
The nev-1 system must be designed 1:-dth built in flexibility after 
inception. No amount of advance pl anning will clearly foresee all the 
possible points of contention and inconsistency. A certain amount of 
revision must be accepted and planned for in such a manner that dele-
tion or addition to the system does not cause extensive waste of printed 
forms Rnd other matter. In practice, it is better to assume that re-
visions will definitely be required and the original paper work should 
be prepared in small quantities or by inexpensive methods . Once the 
new system has been installed it should be checked and evaluated con-
stantly. This follow up is important to uncover ~~aknesses or excessive-
ness of controls. Too much control is preferable to too little control, 
hmrever , the cost of the former can easily outl·reigh its advantages if 
good judgement is not constantly exercised. Too much "red tape" can 
demoralize the people who most desire to accomplish their work. 
The physical aspects of the change over or adclition of control 
will cost money and some time. Old forms may have to be scrapped and 
nevr ones purchased, office equipment changes may be necess ary. Change 
for the sake of chanee alone is never sufficient justification . \~en 
the transition period is over, the cost of planning and control activi-
ties should fall off from transition peaks and only those costs required 
~(-4 p 266-267 
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to operate the new system effectively should remain. 
Really effective administration of planning and control activi-
ties is not an easy task. It has been said that it is a job for j-ounger 
men, at least, for new men whose hearts are in good shape. In design 
and development operations, day - to - day pressure on the plaDning de-
partment is consistently high. Because of this, there is a tendency for 
the supervisor to allm~ bis attention to center on operating details 
rather than on the broader aspects of the section's operation. Comw~n 
planning and control problems are almost too numerous to mention. Some 
that have been mentioned are merely intended to shovr that successful 
controls are only a good beginning and not an unchanging end result. 
l. Revie1~ and Evaluation 
The eventual evaluation of planD~ng and control activities has 
t"t.ro aspects: First, it must be decided whether or not the system meets 
all the requirements of the situation in which it has been applied. As-
suming success on t l1is point, it must also be evaluated as to whether it 
operates as effectively as it might. 
Earlier sections have attempted the sort of analysis v-Thich 
can be used for determining the major reqill.rements for the design and 
development planning system. At this time, attention should be given 
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to the measurement of the systems effectiveness. No system, no matter how 
brilliantly designed and executed can be consistently successful if it 
does not integrate or adapt to plant conditions. 
There are no methods of precise measurement available to judge 
the planning department's effectiveness. This does not mean that the 
performance of the plaDning function cannot be eval uated but rather 
that exact measurements are difficult to establish and defend. Some 
questions whose ansvrers are indicative of operational efficiency can be 
logically posed.~!- Does papert·mrk flow smoothly through the department 
according to importa.,."lce? Do bottlenecks and delays occur as a result 
of poor follow-up on orders? Are plans constantly changed because of 
control ineffectiveness? Are expediting records current and accurate? 
Is required information easily attainable and correct? Is follow·-up 
action prompt, direct, and effective? These are only a few of the 
possibl e questions that might indicate the general trend of evaluation 
results . A point to remember is that a serv-lce department that costs 
$15,000.00 per month and provides little or no service is considerably 
more wasteful than the service function that operates for $30,000.00 
per month and gives excellent service . This type of analysis is un-
doubtedly very difficult to interpret objectively . 
If a system is well thought out, properly integrated, and 
installed with foresight, consistent efforts on the part of the plan-
ning supervisor cannot help but improve operation and provide warning 
that chnnging conditions warrant alterations in procedures and organ-
ization. 
~<h, p-273 
THE END 
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APPENDIX I 
FLIGHT SIMULA IDRS - GENERAL INFORHA. TION 
Since this paper deals extensively with controls established 
during projects for the design and development of flight simulators, 
a short explanation relative to these devices will be useful to the 
reader's understanding of the relative size and complexi~ of such 
units. 
For many years, instrument and radio navigation training has 
been accomplished by a combination of the following. The highest degree 
of training was attained by actual flight training with the pilot's 
vision of the terrain obsured artifically by a hood or some other 
means to be truly effective, this method of training was accomplished 
in the same type of aircraft that the pi:ll.ot normally opera ted. In the 
case of airliners and highly complex military aircraft, the expense of 
such training was considerable. 
The second widely used method of training was accomplished with 
the aid of a Link trainer. The Link trainer, although very useful for 
the teaching of radio naVigation procedures, was very limited, relative 
to true flight training since it represented no actual aircraft and in-
strumentation was simple and realistic only in a general sense. Control-
ling the Link trainer through various maneuvers while ttflying'' on in-
struments was in no way comparable to physical flight. The original 
Link trainer also was limited to pilot training only and crew members, 
(flight engineers, navigatiors, bombadiers, radio operators, etc.) still 
had to obtain the major portion of their training in aircraft. 
During the latter part of World War II, with the advancement in 
the field of electronic computers, several manufacturers and the Armed 
Services successfully investigated the electronic simulation of aircraft 
with a high degree of realism. From this beginning, two distinct t.ypes 
of elect ronic aids were developed. For economy, where feasible, elect-
ronic t rainers were made that represented t he next logical step to the 
or ginal Link trainer. Trainers wer e designed that 11flew11 in close approx-
i i"ltation to the olil&racteristic of a particular family of aircraft such 
as fighters. Where the Link trainer originally performed by mechanical 
and electrical means, the new electronic trainer presented its perform-
~nce on the cockpit instruments by means of computers, which more nearM 
l y reflected the flying characteristics of aircraft. To attain a high 
degree of realism, cockpits were more completely equipped and included 
many more controls and instruments. The force requir ed on the simulated 
aircraft controls was more nearly correct and the reaction to movement 
of the controls was much more exact. In addition, additional realism 
was attained with the reproduction of engine sounds and many other re-
finements. The cost of these trainers is relatively cheap, $60,000 to 
$100,000 as compared to the cost of a flight simulator of $.500,000 to 
$900,000. 
A trainer differs from a simulator in that the latt er faithfully 
copies to the last detail the exact flight characteristics and instrum-
93 
entation of a particular plane. With the advent of even faster and more 
complex aircraft, the flight simulator has come into its own. Simulators 
duplicate the airplane's every chacteristic. The realism has been extended 
to include the actual airplane eockpi t (supplied by the airplane m.anufac t-
urers). Extremely accurate computers are used to reflect every action of 
the crew and aircraft. The only lack is a sense of physical acceleration 
and jihe pull of gravity during maneuvers. "Flights" through turbulent air, 
clouds, lightning storms, and varying conditions of night and day are 
possible. 
Simulators enable crew members to be trained safely in conditions 
and emergency procedures that would be impractical to duplicate in air-
craft. By means of indicators located outside of the simulator, instruc-
tors are able to monitor the actions of the trainers and by controls are 
able to establish normal and emergency situations to further learning. 
The intricity of these units can be gathered from the fact that 
some 500 miles of wiring, over six-hundred electron tubes and thousands 
of relays, capacitors, resistors, and other components are required. 
Figure III and IV are presented to give the reader a better conception 
of an actual flight simulato:D. 1his particular model is the simulator 
for the F86-D Sabrejet all weather interceptor. Some transport and bomber 
t,rpes are even larger and more complex. The cost of operation of a sim-
ulator as compared to the airplane is approximately ten to one. Because 
realistic training can reduce actual flight time to a large extent, the 
simulator not only provides more c-omplete and directed training, but in 
addition effects considerable savings with increased safety. 
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APPENDIX II 
JOB DESCRIPTiON 
TiTLE: Planning and Control Supervisor 
Supervisory Duties 
I. Engineering Aids 
Clerk 1}rpists 
Clerks 
Expeditors 
Production Planners 
Procurement Planners 
Storekeeper 
Stock Clerks 
2. Purpose of Work: 
Overall supervision of planning phase of project. 
a. Requisitioning of purchased parts and assemblies- including 
overhead items necessary to project. 
b. Scheduling of fabricated units and expediting shop work. 
c. Origination and control of engineering ~eleases. 
d. Supervise stock room activities and records. 
e. Maintain complete files and records relative to all phases of 
planning. 
3. Usual Duties: 
a. Supervise above functions and persormel. 
b. Set up opera,ting procedures and policy. 
c. Develop schedules and follow up shortages and delays. 
d. Accomplish any special duties requested by supervisor. 
e. Distribute work loads and check for satisfactory completion of 
assignments by personnel. 
J-1-. Duties at Stated Intervals: 
a. Develop man hour loading schedule - monthly. 
b. Check stock control by physical inventory - monthly. 
c. Review shortage lists of critical items - weekly. 
d. Evaluate supervised employees for merit reviews. 
e. Attend special or scheduled meetings. 
5. Duties at Irregular Interval: 
a. Simplify administrative s.rstems wherever possible. 
b. Adjust personnel problems when required. 
c. Prepare reports and memos. 
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d. Prepare job breakdOlinS and write up procedures. 
e. Set up liason with Vendors as required ( simul.a tor program). 
6. Directly Responsible to Engineering Section Head. 
7 • Receive ei therWri tten or Verbal Ins true tion from Supervisor. 
Requirements 
8. Education 
Degree - B.S. in Business Administration or Equivalent in Exper-
ience and Advanced Schooling. 
9. Special Courses 
Technical Courses in Electrical, Radio, or Mechanical Subjects 
are Desirable. Courses in Effective Supervision and Management. 
10. Experience 
Five Years of General Administrative Background with Supervisory 
Experience Obtainable with Companies of Comparable Operations or 
in any Administrative Capaci~ not Necessarily in the Electronics 
Field. 
11. Youngest Age - 28, Oldest - 40. 
12. Social 
a. Pleasantness of manner and appearance. 
b. Above average understanding of human behavior. 
c. Must have abili~ to deal with associates at all levels. 
13. Emotional 
a. Must have abiliVJ to function under pressure. 
b. Should have stable temperament and should adjust easily to 
changing conditions. 
14. Decisions 
a. Internal decisions affecting work within supervised group. 
b. Decision which will increase job performance and efficiency 
and are not counter to any company or project policy. 
15. Reports 
a. Status reports. 
b. Shortage reports. 
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16. Most Complex Phase of Work 
Maintaining Flow of Materials to Project in time to meet Major 
Assembly Schedules. 
17. Responsibilit.y for Equipment 
Responsibilit.y for all Requisitioned material to satisfy Contractual 
requirements with u.s. Gov•t and Company Policy. Equipment includes 
manufactured parts, Purchased Components, Test Equipment, Tools, 
and all overhead items specifically requisitioned for particular 
project. 
18. Responsible for all records and files pertaining to -
a. Stock Control - inventor, receipts and disbursements. 
b . Planning and procurement - requisitions, purchase orders, rec-
eiving reports, drawings, and parts file. 
c. Release control. 
d. Work authorizations. 
e. Shortage lists. 
19. Responsibilit.y for Supervised Employees 
a. ~ give clear, concise, brief and correct instructio~ to em-
ployees. _ 
b. To be certain that employees understand for what ana to whom they 
are responsible in the performance of their particular ~ob. · 
c. To adjust any differences or misunderstandings Wit hin the group. 
d. ~deal with the employees in a just and equitable- manner. 
e. Tb assist any employee that requests aid or is having difficult.y 
in the performance of his work. 
f. To evaluate as objectively as possible the performance of the 
employee for scheduled merit reviews. 
g. Tb report any major personnel problems to my supervisor for in-
formation and advice. 
h. To see that the work surroundings are as comfortable as possible 
under the present conditions. 
20. Responsible for Travel Expense Accounting 
21. Outside Contacts 
a. Sales Representatives. 
22. Subject to overtime during peak work loads - 20 hours per week. 
23. Travel Required 
Occasionally, Interplant, and Vendors. 
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JOB DESCRIPTION 
TITLE OF POSITION: Procurement Planner 
I. Supervisory Duties: 
Supervisory duties not required. 
2. General purpose of the work is to order all electrical and mech-
anical components required for assembly, maintain records, expedite 
deliveries and act as liaison between Production Planning and 
Control and the Purchasing department. 
3. Duties Performed: 
. a. Requirements obtained from Bills of Material, written listings and 
verbal requests are posted to requirement :-·card for present and fu-
ture requirements. 
b. Requisition is written for material required listing all per-
tinent information to enable the purchase of material. Requisition 
is signed by Planning Supervisor and forwarded to Purchasing for 
action. 
c. Follows up on Requisitions and Purchase Orders where deliveries 
will seriously affect production schedules, and notifies Produc-
tion Control of information received. 
d. Issues shipping instructions against Purchase Orders where the 
company is required to supply material. Follows up and advises 
Vendor via Purchasing of items delayed due to manufactureing 
de~s or changes. 
e. Makes changes to Bills of Material due to redesign of electrical 
and mechanical assemblies and issues, written instructions to 
purchasing of these changes. Follows up on these change orders with 
Purchasing to determine if Vendor is able to incorporate changes 
noted. 
f. Maintain clear records of all transaction duties outlined above. 
4. Periodically check Requirement Cards for Reordering and contacts 
Purchasing on material not received. 
S. Conducts periodic inventory checks of material received. 
6. Direc~ responsible to the Senior Planner Supervisor. 
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7. General and operational instructions are received from the immediate 
supervisors. Specific instructions on methods for manufactured 
assemblys and material to be supplied are received from the Engineering 
group by written and verbal request. Other information is obtained as 
outlined in "Duties Performed". 
*A• Minimum Starting Requirements. 
8. High School or Technical School is acceptable however, college 
degree in Business Administration desired. 
9. Any radio or electrical course, or course in Business Administ-
ration. 
10. Past experience in o~~ice procedures or as an expediter ~or 
Electronic ~irm help~ul and some knowledge o~ Electronic components. 
11. Given the above education and experience, the new employee would 
need only learn procedures in requisitioning, systems incorporated 
by the Planning group and personnel to be contacted. 1-3 months. 
12. Academic Skills 
a. Above average. 
13. Social Requirements 
a. Cooperative and pleasant. 
14. Capable o~ decisions which do not af~ect the delivery or method 
o~ manufacture. 
15. Outside Contacts 
Occassional contacts with manufacture representitives in the absence 
of immediate Supervisor on material on order when requested by the 
Purchasing Department. 
16. Occassional trips to other plants and vendors. 
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JOB DF.SCRIP TION 
I. Title of Position - Production Planner 
2. Purpose 
A. The Planner is primarily responsible for seeing to it that the 
information coming through on Enginering Change Notices is brought 
to the attention of any party who has the existing drawing con-
cerned by the change. 
3. Duties and Responsibilities 
A. In order to determine the disposition of drawings, a file is 
maintained b.~ the Planner which gives information as to the 
location of any drawing released • 
. (1). Each new assembly which is released, is posted to the Drawing 
Locator Cards by the Planner • 
a. Information posted includes the following: Drawing title, 
date of drawing, drawing number, assembly that it is used on, and 
vendor, if any. 
b. In order to simplify posting to the Drawing Locator 
Cards~ a cross file of Assembly Components is kept showing all drawings 
which are included on a given assembly drawing. 
c. This file enables the Planner to post drawings sho'W!l on 
a connnon assembly to the drawing locator cards directly from an 
Assembly Components card rather than from the individual drawings 
themselves. 
(2). Each Engineering Change Notice (E.C.N.) received from Eng-
ineering, is posted to the Drawing Locator Ca.rds. 
a. If there is a Drawing Locator Card~ the E.C.N. is posted 
directly to the card. 
b. Information posted to the card includes the following: 
The E.C.N. number, the date of the change, the posting date, and the 
revision letter. 
c. After posting, the E.C.N. is signed to indicate that it 
has been posted, and is then placed in file. 
d. In the event there is a vendor on the drawing concerned 
by the E.C.N., a memo to Purchasing is v1I'itten telling them the drawing 
affected and the vendor. 
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e. At this same t:ilne, copies of the affected drawing are 
requested as necessary for the Inspection Dept. and the affected vendor. 
f. In the event that there is no Drawing Locator Card 
when an E.C.N. comes in, one is made up containing the information 
outlined above. 
g. When there is no locator card, the Planner should have 
the original drawing in the pending file - this being the reason for 
not having a Drawing Locator Card in file. 
(3). E.C.N.'s which concern items being made in the shops should 
be turned over to the Senior Project Expediter so that the shops may 
be notified if there is an open work order in process. 
(4). An alphabetical and numerical cross file of final assembly 
drawings which have been released to vendors is kept on 8~ x 11" type-
l~iter sheets for ready reference by the Planner. These contain .the 
following information: 
a. Drawing number. 
b. Assembly name. 
c. Requisition number. 
d. Purchase order number. 
e. Vendor's name. 
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JOB DESCRIPTION 
I. Title - Inventory Clerk 
2. Purpose 
A. The Inventory Clerk is primarily responsible for seeing that 
the records of inventory are kept in such a~. way that information as 
to orders, receipts, disbursements, and stock balance are readily 
available and correct. 
3. Duties and Responsibilities 
A. Purchase order requisitions received from t he Planner must be 
processed as follows: 
(1). Control cards must be t.yped up for the requirements and 
the Disbursements Wheeldex files showing the description and part 
number of the item requisitioned. 
(2). Af ter t,yping, the following information is posted to the 
Requirement ·card: 
(a). Date of requisition. 
(b). Requisition number. 
(c). Quantit.r requested. 
(3). After posting, the requisition is initialed to indicate 
that it was posted and it is then filed in an open requisition file 
qy requisition number. 
(4). After posting, both the Requirements and the Disbursement 
cards are placed in the Wheeldex. 
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(a). Cards in the Wheeldex are filed alphabetically by part 
name and numerically in so far as possible within the named subdivision. 
B. Copies of the Purchase Qrder received from the Purchasing Dept. 
must be processed as follows: 
(1). The requisition must be pulled from the open file and check-
ed against the Purchase Order for possible error. 
(2). At this time, the Purchase Order number is entered on the 
requisition and requirement card. 
(a). The requisition is placed in the closed file. 
(b). The Purchase Order is filed in the Open file. 
c. Copies of the receiving report received from stock must be 
processed as follows: 
(1). The white copy goes to the Engineer who ordered the mat-
erial. 
(a). If the order was placed for open stock, the white copy 
is destroyed. 
(2). The receiving report copy going to the Engineer is stamped 
with the Engineer's name, Section, and also the Planner's name and the 
Job number to which the material is assigned. 
(3). The yellow copy of the receiving report is matched up with 
the open copy of the purchase order, to see if they correspond. 
(a). After this check the following information is entered 
on the Disbursement card. 
Date received. 
Receiving report number. 
Purchase order number. 
Unit price. 
Cummulative receipts. 
Quantit,r received on the receiving report. 
Stock location. 
Balance on hand. 
(4). If the receiving report being posted completes the purchase 
order, the order along with the receiving report are filed in the com-
pleted file. 
(5). Any delivery information pertaining to a requi~ition or pur~ 
chase order is atta~hed direc~ to the file copy of said order. 
(6). Change orders on purchase orders are posted to the control 
cards as outlined above and filed with the purcha~e order. 
(7). When there is a discrepanc,y on a receiving report, the 
receiving report is not posted until the discrepancy is corrected. 
(a). The receiving report on which there is a discrepancy 
is held in an open discrepancy file until corrected. 
(b). Upon correction, the receiving report is posted and 
placed in a closed discrepancy file. 
D. Stock requisitions received from the stock room must be pro-
cessed as follows: 
(1). The requisition is posted out on the inventory control card, 
the following entries being posted: 
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Remaining balance. 
Quantity withdrawn. 
Culmnulative withdrawals. 
Name of person withdrawing the ma. terial. 
Date o:f withdrawal. 
(2). After posting, the requisition is filed by date. 
E. Stores requisitions are used to relieve stock when the material 
is filled from another stockroom. 
(1). The stores requisition is posted in and out on the order 
and control cards to give a record o:f the transaction against the 
job even though no purchase order was placed and no withdrawal was 
made :from stock for the job. 
F. A Loose Leaf Book containing the following information is kept 
:for the Planner: 
(1). Requisition number. 
(2). Requisition date. (3). Purchase Order number. (4). Purchase Order date. (5). Required delivery. (6). Promised deliver,y. (7). Date received in Plant. 
G. Typing and filing is done for the section as necessary. 
H. On items which are kept in open stock, there is a. re-order point 
and re-order quantity set up on the disbursements cards. 
(1). When the stock balances reaches this re-order point, it 
should be called to the Planner's attention so that the item can be re-
ordered. 
I. The Inventory Clerk also performs such otherduties as the Super-
visor may direct. 
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JOB DESCRIPTION 
I. Title - Project Expediter 
2. Duties and Responsibilities 
A. Supervise the work of the Junior Project Expediters and take 
the responsibilit,y for the successful performance of their duties. 
B. Request Work Order completion from the Sheet l<letal Shop, Machine 
Shop, Model Shop, Chemistry Lab, or Production Shop or parts to 
be fabricated by them. 
c. Maintain stock records on raw material (metal and plastics), 
allot raw material for work orders being issued, and requisition 
additional raw material when neede~. 
D. Write up purchased parts shown on drawings on stock requisitions 
and check stock on them to see what is in st0ck and what is back 
ordered. 
\. (1). Send the requisition f<Dr ~parts ' that are ·in the stock to the 
stock room to be boxed for the jol;>~' t;. :· _.. . · 
(2). Write up a shortage sheet 0n 'items that are not in stock and 
give to the Purchased Parts Planner for follow-up. 
(3) When shortages are covered, the requisition comes back to the 
Senior Expediter for forwarding to the stock room and i.D.clusion 1rl.th 
the other parts for the job. 
E. Estimate time on l-Tork orders being released to the shops. 
F. Post Work Order nmnber to requisition when Work Order is issued, 
also post out Work Orders, when complete. 
G. Follow up Work Orders to see that the requested date is met. 
H. Maintain stock on common fabricated parts by issud.b.g · Work Orders 
for common parts for stock. 
I. Write requisitions for plating when necessary before fabricated 
parts can be turned over to stock. 
J. Check specifications on incoming material if there is a dis-
crepancy, trace specifications on hand to identify items, and 
check on errors in parts filled from stock. 
K. Perform any additional duties as the supervisor may direct. 
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